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Preface 

In October 1957 the "Index to Shock and Vibration Bulletins Nos. 1 
through 24" was published and distributed. That Index, now unclassified, 
is included as Appendix A to this publication. Bulletins 25 through 35 
were published in 43 parts between December 1957 and April 1966. This 
volume provides a complete index to these Bulletins so that users may 
locate useful articles with reasonable ease. 

In Part I of this Index, subjects are compiled in alphabetical order. 
Part II lists authors in the same way. To find the title of a paper by a 
particular author, one should refer to Part III which is a complete Table 
of Contents of the Bulletins by number and part. 

Each entry in Parts I and II is followed by a basic three-number 
combination. The first number identifies the Bulletin, the second num- 
ber the Part, and the third number the page. A comma between numbers 
at any point indicates more than one reference for a single listing. The 
following examples will serve as illustrations. 

Filtering of control signal 
1 f- 
33-3-226 

L 

-Bulletin number 

 Part number 

-Page number 

Acceleration and vibration        27-3-135,145 

LL 

-Bulletin number 

 Part number 

-Page numbers 

Clevenson, S.A. 33-2-47,  35-2-21 

I I 

-Bulletin numbers 

—Part numbers 

age numbers 

in 



This publication provides a complete reference to the material 
published in Shock and Vibration Bulletins 1 through 35. Many of these 
Bulletins are out of stock at this Center and are only available from the 
Defense Documentation Center (DDC). Appendix B is a listing of Bul- 
letins 1 through 35 with their DDC accession numbers. 
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Part I 

Subject Index 

Shock and Vibration Bulletins 
25 Through 35 



SUBJECT INDEX 

A-4C aircraft, 35-7-157 

Aboveground structures 
reducing air blast effects on, 32-2-151 
vibration  35-2-1 

isolation, 27-4-79 

Absorption coefficients of panels, 33-4-1,95 

Absorptivity-emissivity ratio of Transit 
satellites, 29-4-52 

Acceleration 
gun launch, 34-2-153 
sound pressure produced, 25-2-1 
from two-mass impact, 34-3-275 
and vibration, 27-3-135, 145 

Acceleration pulses, specification for 
shock tests, 35-6-173 

Acceleration spectral density 
of aircraft weapons, 35-7-157 
of Athena boosters, 35-6-353 
definition, 25-2-178 
measurement errors, 35-4-135 
in random testing, 31-3-111 
of road vehicles, 34-1-90 
of tracked vehicles, 35-5-115 

Accelerometers, see also Piezoelectric 
accelerometers and Piezoresistive ac- 
celerometers 

angular, for package shock recorder, 
25-2-110 

calibration 
by automatic system, 33-3-69 
capacitance probe for, 35-4-23 
errors in, 33-3-1 
infield, 34-3-329 
at high temperature, 33-3-19 
instrumentation for, 27-3-215, 

33-3-45, 34-4-31 
by lasers, 35-4-33 
in place, 33-3-69 
by reciprocity    chniques, 34-4-21 

resonant beam in, 35-4-80 
techniques for, 35-4-49 

as calibration standards, 35-4-61 
characteristics, 35-4-37 

under transient load, 35-6-328 
digital, response to vibration, 34-4-81 
displacement from, 35-4-1 
embedment in solid rocket propellant, 

33-3-27,34-1-203 
for high temperature use, 33-3-19 
mounting with adhesive tape or ce- 

ment, 33-3-1 
omnidirectional 

development, 34-4-41, 35-4-55 
for package shock recorder, 

25-2-110 
performance, effect of mounting vari- 

ables on, 33-3-1, 13 
response, surface finish effect on, 

33-3-13 
sensitivity 

base-strain effects on, 35-4-37 
to dynamic pressure, 31-3-183 

Acceptance tests, see also Qualification 
tests and Quality control tests 

failures in, 33-3-183 

Accordion modes, vibration analysis, 
35-3-107 

Accumulative fatigue damage, see Cumula- 
tive fatigue damage 

Acoustic analysis 
autocorrelation analyzers for, 

35-4-193 
spectrum analyzers for, 31-3-240 

Acoustic data, see Acoustic environment 

Acoustic environment 
of Atlas missiles, 25-1-52 
at booster launch, prediction, 33-2-89 
of guided missiles, 31-2-123 
of hypersonic vehicles, prediction, 

28-4-48 
of jet engines, 25-1-42,25-2-31 



Acoustic environment—Continued 
of Mauler missiles, 30-1-189 
missile component protection from, 

25-1-1 
at missile lift-off, prediction using 

models, 34-4-123 
in missile silos, measurement, 

29-1-65 
of missiles on wing of B-52, 28-1-187 
of Nike-Zeus missiles, 31-1-21 
prediction for large missiles, 

28-4-28 
on RB-66 and A3D aircraft, survey, 

25-2-39 
of reentry vehicles, data on, 35-7-9 
of rocket boosters, prediction, 

25-2-10, 31-2-132 
of rocket engines, 25-1-8, 31-3-27 
of Saturn, 30-4-24, 27 
simulation, 31-2-123 

by mechanical vibration, 34-5-83 
of Snark missiles, 27-2-185 

instrumentation for measure- 
ment, 25-2-117 

of space vehicles, 31-2-12 
structural design for, 25-1-42 
of Tartar missiles, 25-1-60, 29-1-79 
of Titan I, 31-3-12 
of Titan HI, 35-7-1 
on YJ-79 jet engines, survey, 

28-4-177 

Acoustic excitation 
aircraft equipment response to, 

35-3-259 
design of space vehicle structures 

for, 33-4-201 
fatigue produced by, 30-5-37 
of missiles, produced by underground 

launching, 29-4-317 
piezoelectric accelerometer response 

to, 26-2-114 
prediction of response to, 31-3-63 
response of OGO spacecraft to, 

34-5-125 
structural response to, 30-4-188, 

33-2-77 
and vibration, equivalence, 30-4-103 
vibration produced by, 25-2-1, 

35-7-31 
in ribbed plate, 31-3-24 
prediction by energy method, 

31-3-12 

Acoustic fatigue 
of aircraft structures, 28-4-177 

approach to, 25-2-39 
and damping in study of aircraft 

structures, 26-2-295 
facility design, 30-5-37 
prediction, 31-2-181 
structural models in study, 30-4-140 

Acoustic generators, see Acoustic test 
facilities 

Acoustic levels, see Boundary layer noise 
and Sound pressure levels 

Acoustic noise, see also Noise 
random 

air jet for testing, 27-2-169 
evaluation of integrals, 25-2-243 
simulation, 27-2-159,175 

randomness tester for, 33-2-286 
structural vibration related to, 

28-4-1 

Acoustic power 
from jet engines, 30-4-168 
Lighthill's parameter for, 28-4-23 

Acoustic radiation 
from piping containing fluid, 35-3-161 
from ships 

prediction, 34-3-129 
and torpedoes, 26-2-206 

Acoustic spectra, see also Power spectra 
of air jet, 27-2-169 
of battlefield vehicles, 34-1-103 
for multirotor sirens, 27-2-162 
of Saturn vehicles, 33-2-72 
of Tartar missiles, 29-1-86 
of Titan missiles, 29-4-331 
of turbojet engines, 33-3-237 

Acoustic test facilities 
acoustic generator for, design, 

34-2-213 
for aerospace industry, 30-5-28 
air chopper for, 25-2-18 
air jet 

random noise testing with, 
27-2-169 

for simulating flight environ- 
ment, 34-2-213 

air modulator, 27-2-192 
of Boeing Company, 25-2-18 
catenary horns for, 30-5-28 
design, 30-5-17 



Acoustic test facilities—Continued 
electromagnetic loudspeaker for, 

27-2-175 
at General Dynamics/Pomona, 

34-2-129 
high intensity, 25-2-25, 55 
at Langley Research Center, 

34-5-125 
progressive wave tubes, 27-2-175 
resonant chambers, 27-2-216 
reverberant chambers, 25-2-8, 55; 

27-2-175,187,216 
sine wave acoustic generators for, 

limitations, 26-2-306 
sirens for, 29-4-317; 30-5-28, 37 

characteristics, 30-5-17 
design, 25-2-55 
multirotor, acoustic power 

spectrum for, 27-2-162 
simulation of random acoustic 

environment by, 27-2-159 

Acoustic tests 
development, 31-2-123 
of electronic components, 30-4-114 
models for, 30-4-187 
philosophy, 25-2-25, 27-2-211 
on Redstone and Jupiter missiles, 

proposed, 26-2-308 
scaling of models for, 30-4-140 
simulation by vibration shaker, 

33-3-125 
of Snark missiles, 31-3-1 
spatial correlation in, 31-3-63 
spectrum synthesizer for, 27-2-219 
in structural analysis, 31-2-181 
of structures, 29-4-317 
techniques, 31-2-181 
using sirens, 29-4-317; 30-5-28,37 

Acrilonitrile rubber, characteristics, 
30-3-106 

Actuators, see Water jet actuators 

Admittance, see Mechanical impedance 

Advent missiles, 34-2-1 

Aerial delivery 
air bags for, 30-3-290 
British practice, 30-3-290 
cushioning materials for, 25-2-305 
design of cushioning systems for, 

30-3-276 
economics, 25-2-305 

impact loads on system, 34-4-269 
by parachute extraction, 30-3-317 
simulation, 30-5-139 
tutorial exposition on, 30-3-261 

Aerial recovery of parachute reentry, 
33-3-63 

Aerodynamic damping, see also Damping 
in panels, 26-2-278 
pressure effects on, 34-5-197 

Aerodynamic heating 
combined with vibration testing, 

25-1-92 
estimation, 26-1-19 
simulation by pyrotechnics, 27-1-143 
of Talos, 26-1-29 

Aeroelastic vibration principles in design 
problems, 34-2-279 

Aerospace structures, digital computer 
in analysis and design, 34-2-113,121 

AGE equipment, test procedures used for, 
34-5-255 

Agena spacecraft, 33-3-97 

Aging in outer space, 30-1-55 

AGREE test stand and vibration equip- 
ment, 33-3-149 

Air bags 
for aerial delivery, 30-3-290 
in vibration tests, 34-1-181 

Air bearings, free-free vibration test 
using, 34-5-115 

Air blast, see also Blast 
effect on parked aircraft, 28-2-59 
instrumentation for measuring, 

28-1-46, 28-3-99 
from nuclear detonation, measure- 

ment, 32-2-141 
reducing effect on aboveground 

structures, 32-2-151 
soil displacement induced by, 

29-3-145 
vulnerability of electronic equipment 

to, 29-2-50 

Air drop, see Aerial delivery 



Air guns, see Shock test facilities 

Air jets, see Acoustic test facilities 

Air pressure, beam damping related to, 
34-5-197 

Air springs, see Pneumatic springs 

Air transportation, environmental data 
on, 31-3-81 

Airborne exterior lamps, mathematical 
model, 33-4-161 

Airborne instrumentation for spectrum 
analysis, 31-3-150 

Airborne weapons, captive-flight vibra- 
tion, 35-7-157 

Aircraft, see also specific aircraft such 
as A-4C, B-52, and RB-50 

components, qualification testing, 
29-4-246 

environment, survey, 35-5-1 
equipment, acoustic sensitivity, 

35-3-259 
gunfiring environment in, 34-2-2tl, 

34-4-191 
high speed, forced ejection of stores 

from, 25-1-99 
naval, structural vibration in, 

25-1-127 
nuclear shock effect on, 26-1-1 
panels, structural damping, 35-2-48 
parked, simulation of explosive ef- 

fects on, 28-2-59 
shock and vibration environment, 

26-2-56 
structures 

acoustic fatigue, 28-4-177 
and damping, 26-2-295 
sound pressure level effect on, 

25-2-18 
vibration, summary, 29-4-342 
vibration isolation systems for, 

34-3-169 
vulnerability 

to blast, 28-1-56 
to nuclear detonation, 28-2-59 

Aircraft wings, see Wings 

Altitude, varying, effect on vibration of 
plates and boxes, 30-5-116 

Aluminum 
alloys 

fatigue curves for, 35-5-271 
fatigue life, 35-2-21 

damping properties by resonance 
dwell technique, 34-5-177 

fatigue curves of specimens, 35-5-307 
honeycomb, in sandwich panels, 

35-2-131 
and steel, S-N curve, 29-4-256 
tubes, as energy absorbers, 30-3-331 

Amplitude distribution 
and power spectral density, wave 

analyzer in study, 26-2-231 
by special purpose computer, 

29-4-133 
statistical, in vibration analysis, 

33-2-243 
of vibration data, 31-2-49 

Analog analysers vc digital analyzers, 
35-4-193 

Analog circuits of yielding springs, 
26-2-229 

Analog computers, see also Computers 
cross-spectral density studied by, 

35-4-223 
cushion characteristics studied by, 

31-2-257 
duffing spring in, 33-3-198 
elastic component response studied 

by, 34-2-107 
Fourier integrals evaluated by, 

35-6-213 
for ground shock studies, 29-3-353 
guidance platform studies by, 35-7-55 
for isolation studies, 35-5-217 
isolator design studies by, 34-3-179 
for nonlinear suspension studies, 

30-3-194 
nuclear radiation effects studied by, 

30-1-43 
for package cushioning studies, 

30-3-87 
for parachute delivery studies, 

33-2-230 
for Polaris missile study, 29-1-19 
railway impact studied by, 30-3-173 
random noise integrals evaluated by, 

25-2-244 
resonance studies by, 35-2-231 
for response spectrum studies, 

35-6-41 



Analog computers, see also Computers- 
Continued 

shock spectrum analyzer using, 
35-4-129 

for shock spectrum studies, 33-2-182, 
35-6-197 

simulation of bearings by, 29-4-156 
spring free play studied by, 33-4-133 
structural response problems solved 

by, 33-2-216 
for transfer function studies, 

25-2-253 
for transportation system studies, 

31-2-98 
vehicle dynamics studied by, 

30-3-243, 33-4-84 
for vibration data studies, 29-4-126 
vibration feedback studied by, 35-1-41 
waveform distortion studied by, 

33-3-195 

Analog/digital conversion, errors in 
35-4-158, 35-6-263 

Analog/digital data acquisition system, 
35-4-151 

Analogies, mathematical and electrical, 
30-3-182 

Analogs, see Electrical analogs 

Analysis, see subject of analysis or spe- 
cific analyses such as Dynamic analysis 

Analyzers, see also specific types such 
as Dynamic analyzers and Spectral 
analyzers 

calibration. 31-2-62 
for components in vibration analysis, 

33-2-264 
errors, 35-4-135 
for short-duration data, 29-4-126 
for vibration data, 31-3-232,240 

Angular alignment, vibration mounting 
for. 30-1-178 

hardening, recent developments in, 
32-1-76 

AOSO, structural design, 35-2-203 

Aperture time, error, in analog/digital 
conversion, 35-4-158 

Apparent mass of structures, 34-3-84 

Apparent weight 
in experimental study, 30-2-18 
of rocket motors, 34-5-45, 35-2-117 
significance and measurement, 

29-4-13 
of structures, 34-3-15 

Arbitrary forcing functions, see also 
Forcing functions 

vibration response to, 26-2-199 

Arches 
under blast loading, soil-structure 

interaction on, 32-3-159 
buried 

analysis, 28-3-252 
behavior, 32-3-205 
exposed to nuclear blast, 

29-3-188 
concrete, to resist nuclear detona- 

tion, 28-1-93 
design, 28-1-63, 28-3-36, 29-3-292 
shallow, overpressure effects on, 

32-3-159 
structural modeling, 32-3-205 
as underground shelters, 28-3-252 

Arching forces, analysis, 29-3-105 

Armored vehicles, see also Battlefield 
vehicles and Tracked vehicles 

vibration, 35-5-115 

ASROC, 30-1-65, 30-3-2S7 
gun blast shock of launcher, 28-1-181 
vibration environment of motor. 

31-1-74 

Anlsoelasticlty, effect on gyro drift. 
25-2-274 

Antennas 
blast loading, 35-1-13 
deflections due to vibration tests. 

measurement, 34-4-103 
design for hardened site, 29-3-224 

ASTIA, description of services, 26-2-333 

Athena boosters, vibration and shock data 
from, 35-6-353 

Atlas missiles, 29-4-351, 35-6-309 
acoustic environment, 25-1-52 
GSE, shock mitigation, 28-2-20 



Atlas missiles—Continued 
shock tests of silo, 29-3-348 

Atlas/Agena missiles, bending mode 
shapes, 34-5-115 

Atmosphere, effect on creep and fatigue 
at elevated temperatures, 26-2-287 

Atmosphere entry, see Reentry 

Aurora borealis, characteristics, 25-2-70 

Autocorrelation analyzers in study of 
acoustic data, 35-4-193 

Autocorrelation functions 
in modal analysis, 33-2-140 
in randomness tests, 31-3-195 
in vibration analysis, 25-1-73 
in vibration signal study, 33-2-305 

Autopilots and vibration mode coupling, 
26-1-51 

Auxiliary vibration tables 
design, 27-4-65,71 
fixtures used with, 34-5-231 
as horizontal test fixture, 25-2-93 
laboratory practice with, 31-2-303 
oil characteristics for, 27-4-89 
performance, 27-4-32 

Averaging techniques, dangers in, 
25-1-158 

Averaging times, influence on data analy- 
sis, 29-4-183 

B 

B-52 aircraft, 28-1-187, 28-4-189, 
34-3-169 

sound pressure level, 28-4-1 

B-58 aircraft, 33-2-34 

Ballistic missiles, see also Missiles 
reentry flight simulation, 27-2-1 
shock loads on, 29-3-353 
vibration data during reentry, 35-7-9 

Ballistic pendulums for studying material 
characteristics, 33-4-141 

B?r linkages, kinematic analysis, 
34-3-123 

Base strain effects on accelerometer 
sensitivity, 35-4-37 

Battlefield vehicles, see also Tracked 
vehicles and Armored vehicles 

noise spectra, 34-1-103 

Beams 
cantilever 

dynamic response, 35-3-81 
fatigue by random vibration, 

31-3-32 
in fatigue test, 29-4-4 
mode shapes, 34-2-93 
with nonrigid support, vibration, 

34-2-69 
shock response, 26-2-75, 

30-3-302 
shock test facility using, 28-4-87 
solutions of dynamic problems 

by cis-hyperbolic transforms, 
35-3-81 

as thrust measuring instrument, 
26-2-75 

vibration response, 25-2-281 
damped, random vibration, 35-3-45 
damping, related to air pressure, 

34-5-197 
deflection, Young's modulus for, 

35-7-261 
elastic 

modal analysis, 34-1-172 
subharmonic behavior, 34-2-19 

on elastic foundation, vibration 
modes, 26-2-187 

free-free 
normal mode shapes, 35-2-225 
response to sinusoidal excita- 

tion. 29-4-32 
transient response, 35-5-147 

multisupported, response to random 
loading, 35-3-45 

resonant 
in accelerometer calibration, 

35-4-80 
modal response, with structural 

damping, 35-7-231 
stability, Mathieu equation in study, 

28-3-30 
vibration 

lumped spring method for, 
25-2-267 

mode constants, 34-5-211 
Myklestad's method for, 

25-2-267 

Bearing capacity of soils, 32-3-188 



Bearings 
simulation by analog computer, 

29-4-156 
vibration, state of the art, 34-4-165 

Bellows, see Metal bellows 

Bending modes 
instrumentation for, 33-2-139 
of Saturn vehicle, 33-2-131 
shapes for Atlas/Agena, 34-5-115 
of solid-propellant rocket motors, 

fixtures in study, 34-1-181 

Blast, see also Air blast and Nuclear 
blast 

design of towers for resistance to, 
28-3-210 

impulse measured by plug technique, 
28-3-81 

protection from, philosophy, 28-2-8 
response of structures to, 28-3-311 
simulation 

of effects by shock tube, 28-3-123 
during shock test, 35-6-55 

stress in rock due to, 32-2-8 
near surface, cratering due to, 

29-3-1, 32-1-91 
testing, overpressure related to, 

35-1-81 
vulnerability of aircraft to, 28-1-56 

Blast closures 
design, 29-3-233 
doors for underground structures, 

32-1-123 
valves, review, 29-3-233 

Blast loads 
on antenna structures, 35-1-13 
design of footings under, 32-3-176 
on earth mounds, 29-3-192 
generator for test facility, 28-1-116 
response to 

of buried structures, 32-3-220 
of structures, 28-3-233,35-6-285 

soil-structure interaction on arches 
under, 32-3-159 

tunnel distortion by, 32-2-92 
in tunnels, 28-3-129 

Blast waves, see also Shock waves 
characteristics, 28-3-270 
effect in tunnels, 28-3-14 
flash x-ray in study, 32-2-86 
in fluid media, 32-2-1 

gas detonations to obtain, 35-6-69 
instrumentation for use with, 28-3-69 
scabbing due to, 32-1-91 
seismic velocity, 29-3-305 
in soil, 32-2-107 

Blue Streak missiles, hardened site for, 
28-2-8 

Bode diagrams of shock pulses, 35-6-214 

Bolted joints, see also Joints 
design for vibration tests, 34-5-273 

Bomarc missiles, stable platforms for, 
27-2-147 

Bombs, Fireye, 35-7-157 

Boosters, see Launch vehicles and Mis- 
siles 

Boundary layer noise 
measurement by condenser micro- 

phone, 33-3-73 
prediction of levels in reentry vehi- 

cles, 35-7-19 
response of structures to, 34-2-11 
of rocket vehicles, 28-4-32 
spectral synthesizer, 31-2-123 
in study of panel vibration, 26-2-278 
of supersonic vehicles, 28-4-48 

Brittle fracture of steel, 28-4-273 

Buffeting 
related to nose shape, 33-2-54 
transonic, prediction from wind tun- 

nel data, 34-2-1 

Buildings, see Aboveground structures 

Bullpup missiles 
design margin evaluation, 31-1-83 
flight environment, 31-2-202 

Buried structures, see Protective 
structures 

Calibration, see also Accelerometers 
accuracy in test laboratories, 

33-3-221 
of analyzer, 31-2-62 
of shock test machines, 28-4-218 



Calibration, see also Accelerometers— 
Continued 

of tape recorder systems, 35-1-36 
tutorial discussion, 34-5-15 
of vibration transducers at low dis- 

placements, 34-4-13 

Calibration service, see NBS Calibration 
Service 

Calibrators 
optical, with mechanical exciters, 

27-3-215 
for vibration instruments, 33-3-45 

Cannon breach, design, 35-6-141 

Cantilever beams, see Beams 

Cantilevers, see Cylindrical cantilevers 

Captive flight 
of Bullpup B, 31-2-202 
environment, of missiles on B-52, 

28-1-187 
vibration of airborne weapons during, 

35-7-157 

Captive tests, see Static firing tests 

Catenary horns, see Acoustic test 
facilities 

Cavitation in hydraulic systems, 35-3-161 

Centaur vehicles, separation shock, 
35-6-331 

Centrifuges, see also Launch-phase 
simulator 

combined environmental tests with, 
27-3-135, 145 

using whirl tower for testing, 30-5-51 

Channels (ducts of varying cross-section), 
shock attenuation in, 32-2-188 

Chapman-Jouguet detonation equations, 
34-3-311 

Charge density, overpressure related to, 
35-6-99 

Charge weight vs crater radius, 32-2-38 

Charpy tests of steel bars, 28-4-273 

Chemical explosions 
nuclear detonation simulation by, 

27-1-85 
shock waves from, 28-3-59 

Chi-square distribution to gain confidence 
levels of PSD estimates, 29-4-189 

cis-hyperbolic transforms, dynamic 
beam solutions by, 35-3-81 

Coherence in random analysis, 35-7-101 

Combat Operations Center, design, 
32-1-177 

Combined environmental tests, 30-5-61 
to avoid weapon failures, 35-3-227 
with centrifuge, 27-3-135,145 
chamber for physiological testing, 

30-5-68 
effect of order on reliability, 26-2-33 
experience in, 25-1-92 
facility for, 27-3-192, 28-4-131 
on Holloman track, 31-2-194 
philosophy, 27-3-152,165 
preliminary study, 25-2-79 
survey, 27-3-111 
temperature -vibration 

induction heaters in, 33-3-141 
on integrated circuits, 35-2-197 
propane furnace used in, 

33-3-153 
techniques, 33-3-137,153 
temperature control for, 

34-5-149 
of Thor guidance section, 27-3-128 

Combined environments 
failure example and failure phe- 

nomena, 26-2-1 
simulation, 27-3-165 
synergetic effects, 35-2-97 

Combined random-sinusoidal vibration 
tests 

analysis, 31-3-211 
problems, 33-3-101 

Command Center, hard site, 32-1-177 

Complex modulus of viscoelastic mate- 
rial 35-7-213 

Complex structures 
modal analysis, 30-5-168 
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Complex structures—Continued 
response to vibration, 31-2-86 

Complex-wave tests 
common procedures, 27-2-103 
for quality control, machine for, 

27-3-65 

Component failures, qualification vibra- 
tion test in study, 27-2-98 

Component functional profiles, failure 
testing to obtain, 29-4-247 

Component tests vs systems tests, 
31-2-273 

Computers, see also Analog computers 
and Digital computers 

analysis of vibration data by, 
35-4-193,223 

in shock design, 34-1-27 
for triaxial accelerometer, 35-4-55 

Confidence intervals for standard devia- 
tions, 29-4-291 

Confidence limits for failure stress data, 
29-4-275 

Coning as source of gyro error, 26-1-43 

Contained equipment, see Packaged 
equipment 

Containers, see also Reusable containers 
and Shipping containers 

design of isolators for, 30-3-87 
dynamic testing, 34-4-263 
lightweight design, 34-4-275 
for Nike-Zeus missile, design, 

30-3-250 
specifications related to, 30-3-57 
testing, reliability in, 34-4-263 

Control loop and structural resonance, 
dynamic coupling between, 35-3-169 

Control point investigation, 35-2-183 

Control signal, filtering, 33-3-226 

Corporal missile components, vibration 
test data, 26-2-16 

Correlation, see also Crosscorrelation 
characteristics, of vibration environ- 

ment, 35-2-49 
of damage due to vibration, 33-3-113 
of random-sine fatigue data, 

33-2-279 
and spectral analysis of time-varying 

data, 26-2-237 
studies, of failure modes, 27-2-142 
system, in study of noise propagation 

paths, 33-2-305 
techniques, mobility of structures by, 

35-7-101 

Correlograms of sound pressure levels, 
28-4-177 

Corten-Dolan hypothesis, explanation, 
25-2-236 

Cosmic radiation, see also Radiation 
in space, 30-5-105 

Coulomb damped systems in shock mo- 
tion analysis, 33-2-198 

Coupling, see Crosscoupling and Dynamic 
coupling 

Crack propagation in fatigue, 35-3-57 

Craters 
from nuclear detonation 

depth prediction, 32-1-60 
radius vs charge weight, 32-2-38 
throwout, 32-1-28 

in rock models, 29-3-173 
scaling of dimensions, 32-2-38 
from surface blast, 29-3-1, 32-1-91 
surface rarefaction model for, 

32-1-49 

Creep 
and fatigue at elevated temperature, 

effect of atmosphere on, 26-2-287 
of nickel and nickel-chromium al- 

loys, 26-2-288 
of soils, 32-2-107 

Critical frequency in propellant burning, 
26-2-209 

Critical speed of cylinder subjected to 
pressure front, 26-2-193 
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Critical stress, failure probability re- 
lated to, 29-4-274 

Critical wind velocity, in study of cylin- 
drical cantilever, 26-2-180 

Crosscorrelation, see also Correlation 
function, in vibration data analysis, 

33-2-286 
impulse, signal detection using, 

35-4-105 
techniques 

for acoustic surveys, 26-2-314 
of data analysis, 28-4-177 

Crosscoupling in multiple shakers, 
35-2-85 

Cross-motion 
analysis, 27-4-54 
and equalization accuracy, standards, 

33-3-219 
in mechanical vibrators, 33-3-107 

Cross-power spectral density, see also 
Power spectral density 

analog computer in study, 35-4-223 
in modal analysis, 33-2-141 

Crosstalk, see Cross-motion 

Crushable structures, see also Yielding 
structures and Honeycombs 

energy absorption, 29-4-50 

Crushing, see Dynamic crushing 

Crystal accelerometers, see Piezoelec- 
tric accelerometers 

Cumulative fatigue damage, see also 
Fatigue damage 

in cantilever beams, application to 
structures, 31-3-32 

criteria for application, 25-2-236 
to develop vibration program, 

27-2-129 
in environmental testing, 27-4-95 
equivalent sine test obtained from, 

34-2-137 
Miner's hypothesis, 25-2-229 
Palmgren-Miner theory, 33-2-279 
prediction during vibration testing, 

34-2-137 
by random and harmonic inputs, 

33-3-165 

random and sinusoidal vibration in 
study of levels, 30-4-128 

from random loading, 29-4-253 
from random shock excitation, 

35-3-141 
by shock excitation, 35-3-57 
in structures, 34-2-159 
theories, 34-5-55 
from vibration, 25-1-165, 25-2-200, 

33-3-113 
for vibration criteria specification, 

27-2-129 
in vibration tests, 31-2-29, 33-3-159 

Curie point of nickel, 26-2-125 

Cushioning 
characteristics 

analog computer in study, 
31-2-257 

measurement, 25-2-144 
design, 35-5-193 
drop test machine for, 30-3-87 
factor, in study of shock mounts, 

28-4-79 
materials 

to absorb aerial delivery energy, 
25-2-305 

bound hair, characteristics, 
25-2-324 

characteristics, 30-3-57, 261 
dynamic tests, 30-3-66,100 
molded hair, characteristics, 

30-3-252 
Resilo-Pak, 30-3-76 
stress law in study, 28-4-65 
stress-strain curves, 25-2-327 

for parachute delivery, 30-3-261 
with polyurethane foam, design, 

31-2-265 
practices, survey, 30-3-57 
for shock isolation, 30-3-66 
systems for aerial delivery, design, 

30-3-276 

Cycling and dwell vibration, damage 
potential, 33-3-113 

Cylinders 
deflection, D'Alembert's principle 

and virtual work principle in study, 
26-2-185 

lift and drag on, 26-2-147 
metal, cushioning characteristics, 

25-2-305 
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Cylinders—Continued 
subjected to pressure front, critical 

speed, 26-2-193 
two-dimensional, drag coefficients 

for, 28-3-48 

Cylindrical cantilevers, critical wind 
velocity, 26-2-180 

Cylindrical shells 
structural analysis, 35-3-1 
subjected to pressure front, rota- 

tionally symmetric motion, 
26-2-185 

D'Alembert's principle 
in evaluating response, 31-3-39 
and virtual work principle in study of 

cylinder deflection, 26-2-185 

Damage, see also specific types such as 
Cumulative fatigue damage, Equivalent 
damage, and Shock damage 

from combined environments, 25-2-79 
correlated with service failure, 

27-4-86,88 
correlation between sine and random 

excitation, 27-2-139 
criteria 

of ships, 28-1-128 
single highest peak as, 35-6-1 
of water entry shock, 26-2-28 

curves, vs explosive yield, 28-3-223 
failure surface in study, 25-1-165 
fatigue in relation to, 25-2-227 
from ground shock, 28-3-242 
from rail shipment, 30-3-1 
from random vibration, probability, 

35-5-99 
scabbing due to blast wave, 32-1-91 
simulation of effects, 31-2-26 
by submlcrosecond pulses, 28-2-66 

Damping, see also specific forms such as 
Aerodynamic damping, Extensional 
damping, and Structural damping 

wirh additives, vibration response 
controlled by, 30-4-153 

in Atlas/Agena, 34-5-120 
characteristics of isolators, 33-4-127 
in constrained laminates, 35-7-239 
delay angle technique in studies, 

35-5-159 

effect on response of structures to 
random pressure, 31-3-55 

effect on vibration and shock, 30-2-66 
factors 

of cantilever beams, 25-2-291 
determination, 33-2-264 
of liquid propellants, 30-4-75 

at joints, 33-4-189 
/ f6r machinery foundations, design, 
L   34-5-205         _ ___ , _ ,J) 

and mass influence on structural re- 
sponse, 28-4-15 

materials, characteristics, 34-5-155 
matrix, from modal properties, 

35-2-10 
in nonlinear vibration, 25-2-264 
properties of aluminum by resonance- 

dwell technique, 34-5-177 
of road vehicles, 30-3-222 
for shipboard shock, 28-3-190 
in shock isolation systems, 32-3-74 
of soil, 29-3-126 
in spacecraft panels, 33-2-60 
work due to, 30-4-128 

Data acquisition 
in field environment, 31-2-49 
and instrumentation of dynamic en- 

vironments, 34-3-110 
in missile environment by tape re- 

cording, 35-1-29 
of shipboard vibration, 33-1-71 
of shock and vibration, 31-3-254 

Data analysis, see also Random data 
analysis 

crosscorrelation techniques, 28-4-177 
digital computer in, 30-4-19 
of dynamic signals, 28-4-208 
by "dynastic" system, 25-2-117 
filter bandwidth effect on, 29-4-113 
panel on, 31-3-320 
of road vibration, 35-5-57 
sampling techniques applied to flight 

data, 34-4-107 
by statistical techniques, 25-2-129 
survey, 28-4-157 
systems, for shock data, 28-4-197 
of transportation environments, 

35-5-115 
of vibration data, 25-1-151, 31-2-49, 

31-3-225 

Data capsules, recoverable, design, 
28-4-120 
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Data exchange programs 
ENVANAL, 31-3-276 
FARADA, 31-3-261 
FBMWS, 31-3-261 
IDEP, 31-3-261 
on natural environments, 31-3-278 
for reliability data, 31-3-261 

Data reduction, see Data analysis 

DC bias of driver coil, 35-6-111 

Deceleration by hydraulic retardation, 
25-2-157 

Decision theory in study of vibration, 
31-2-88, 35-5-307 

Deflection, see Antennas, Cylinders, and 
Displacement 

Delay lines for time compression, 
35-4-218 

Design, see specific types such as Me- 
chanical design or items being designed 
such as Structures 

Design approval tests of Gemini space- 
craft, 35-2-139 

Design criteria 
for hardened sites, 28-1-7 
measured data in support, 31-2-98 
for missile containers, 30-3-257 
safety margin compared to, 34-1-98 
for shock resistant equipment, 34-1-5 
shock spectra as, 32-3-23 
for Surveyor spacecraft, 35-3-95 
for vibration test fixtures, 34-5-259 

Design margin evaluations 
of Bullpup missile, 31-1-83 
at Naval Missile Center, 33-4-209 

Destroyers, see Ships 

Detonations, see Gas detonations and Nu- 
clear detonations 

Detuning, effect in coupled vibrating sys- 
tems, 29-4-226 

Digital analyzers vs analog analyzers, 
35-4-193 

Digital computers, see also Computers 
in analysis of aerospace structures, 

34-2-121 
for beam vibration studies, 25-2-272, 

34-2-69 
in data analysis, 30-4-19 
in design, 34-2-93 

of aerospace structures, 
34-2-113 

for environmental data analysis, 
28-4-208 

in fatigue studies, 31-3-32 
in mechanical impedance studies, 

35-7-109 
in missile support, 30-1-108 
natural frequencies and mode shapes 

studied by, 29-4-307 
in nonlinear vibration studies, 

34-2-85 
Pogo problem studied by, 34-2-177 
in random excitation studies, 

35-7-101 
response of structures by, 34-2-101 
in shock analysis, 27-1-92, 33-2-173 
in shock and vibration data studies, 

31-3-225 
shock spectra by, 34-4-60 
in structural vibration studies, 

34-2-27 
in submarine motion studies, 29-1-32 
for transient data handling, 28-4-197 
used with Myklestad's method, 

33-4-161 
for vibration data analysis, 33-1-71, 

35-4-151 
vibration modes studied by, 35-7-145, 

197 
vibration test. 34-2-239 

Digital recording systems 
response of structures using, 

35-4-181 
at Rocketdyne, 34-3-81 

Digital sampling rates, requirements for, 
28-4-208 

Dirac impulse in analysis of shock spec- 
tra, 26-1-130 

Displacement from acceleration trans- 
ducer, 35-4-1 

Displacement gages 
slide wire, 25-2-146 
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Displacement gages—Continued 
in study of nuclear detonation, 

29-3-145 
using linear variable differential 

transformers, 34-4-103 

Dissociated gases, characteristics, 
25-2-70 

Distortion 
in transient data, compensation for, 

35-4-231 
in vibration testing, 33-3-195 

Domes 
buried, exposed to nuclear blast, 

29-3-188 
structural design, 28-1-63 

Double force programmer for shock test- 
ing, 35-6-149 

Double integration, instrumentation for, 
in study of shipboard shock, 35-4-1 

Drag brakes as source of vibration, 
27-1-133 

Drag coefficients for two-dimensional 
cylinders, 28-3-48 

Drive rods 
characteristics, 27-4-10 
mathematical analysis, 25-2-98 
in temperature chambers, 27-3-130 

Driver coils, do bias, 35-6-111 

Drone XQ-5, see XQ-5 drone missiles 

Drop height 
Indicator for package shock re- 

corder, 25-2-110 
shock design curve for, 30-5-164 
shock recorder to measure, 27-4-132 

Drop test shock machines, see Shock test 
machines 

Drop tests 
design formulas for, 28-4-79 
facilities at University of Texas, 

25-2-144 
of packaged equipment, 25-2-332, 

30-3-76 

response of equipment to shock from, 
35-1-101 

rotational, shock isolation for, 
28-4-79 

simulation of impact environments 
by, 29-4-43 

Duffing springs in analog computer, 
33-3-198 

Duhamel's integral 
in analysis of vibration, 28-4-15 
in study of shock waves, 29-3-115 

Dust 
from cork, in study of vibration 

modes, 27-2-221 
influence on pressure measurements, 

28-1-21 

Dwell test philosophy, 33-3-203 

Dynamic absorbers in shock reduction, 
35-5-147 

Dynamic analysis 
for container design, 34-4-275 
matrix-force method, 34-2-121 
structural models and influence co- 

efficients in, 34-2-159 

Dynamic analyzers for evaluation of re- 
connaissance systems, 30-5-61 

Dynamic characteristics 
internal, of structures, measurement, 

35-4-11 
of model of launch-phase simulator, 

35-3-207 
of soil, use of x-ray in study, 32-2-86 
of solid propellant, 33-4-171 

Dynamic coupling between structural 
resonance and control loop, 35-3-169 

Dynamic crushing of honeycomb struc- 
tures, energy absorption by, 35-5-169 

Dynamic environments 
design of electronic equipment for, 

34-1-131 
design techniques related to, 34-2-279 
instrumentation and data acquisition 

for, 34-3-110 
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Dynamic environments—Continued 
of launch vehicles, prediction, 

34-3-101 
measurement of force vs displace- 

ment, 25-2-151 
of personnel carrier, 35-5-115 
prediction, 28-4-20 
of pressure hull, 33-1-57 
of rail transportation, 30-3-16 
of Saturn vehicles, prediction, 

33-2-72 
of Shillelagh missiles, 34-1-85 
shock tubes in simulation, 35-1-81 
in transportation, 34-4-243 

Dynamic excitation 
response of rocket structure to, 

35-3-1 
structural response to, 30-2-66 
vibration of multilayer shells under, 

35-3-27 

Dynamic models 
for impulsive environments, 35-6-285 
of NORAD building, 32-3-88 
scaling laws for, 31-3-3 

Dynamic pressure 
accelerometer sensitivity to, 

31-3-183 
in fatigue studies, 35-6-141 
in random vibration studies, 33-1-15 
related to flight vibration, 33-1-1 
resulting from nuclear detonation, vs 

burst height, 28-1-17 

Dynamic response, see Response 

Dynamic systems, response to transients, 
29-1-103 

Dynamic tests 
of containers, 34-4-263 
of cushioning materials, 30-3-66, 76, 

87,100 
of structures, theory, 35-2-1 

E 

Earth sciences, information on, 31-3-278 

Earthquakes 
motion, related to ground shock, 

29-3-157 
response spectra, 33-1-35 
shock spectra from, 28-1-44 

ECHO satellites, 33-2-47 

Ejection 
forced, of stores from high-speed 

aircraft, 25-1-99 
launch, of Bullpup B, 31-2-202 

Elastic impact, see also Impact 
simulation of response due to, 

33-2-230 

Elastic materials 
mechanical properties, 35-6-30 
pressure waves in, 32-3-146 

Elastic models 
stiffness matrix in study, 35-3-149 

Elastic structures, see also Flexible 
structures 

response to random vibration, 
25-2-281 

strain gages used on, for transient 
loads, 33-3-63 

Elastic systems 
coupled, response, 35-3-15 
simple, with nonlinearity, response, 

33-4-133 
transient response, 33-2-195, 

35-3-187 

Electrical analogs 
in study of mechanical systems, 

26-2-203 
in sweep-random tests, 34-5-67 

Electrodynamic shakers, see Vibration 
exciters 

Electromagnetic loudspeakers, see 
Acoustic test facilities 

Electron tubes, see Vacuum tubes 

Electronic components 
acoustic tests on, 30-4-114 
designed for high shock, 34-2-153 
effect of noise environment on, 

25-2-31 

Electronic equipment 
in acoustic environment, evaluation, 

35-3-259 
design 

for dynamic environment, 34-1-131 
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Electronic equipment—Continued 
design—Continued 

for vibration environment, 
27-2-73 

in gunfire environment, 34-4-191 
military, TREE related to, 30-1-8 
printed-circuit boards, prediction of 

natural frequency, 35-7-137 
radiation effects, 30-1-8, 34 
response 

to nuclear blast, 29-2-50 
to propeller excitation, 34-4-119 

ruggedness data, 33-3-48 
thermal evaluation, 31-2-38 
transient nuclear radiation effect on, 

28-3-182, 30-1-43 

Emissivity of black glyptal enamel, 
28-4-202 

Endurance tests in specifications, 
34-4-142 

Energy absorption 
of crushable structures, 29-4-50 
devices for 

characteristics, 30-3-261, 290 
hydraulic, design, 25-2-157 
using tubular blanks, 30-3-331 

by dynamic crushing, 35-5-169 
materials for 

for aerial delivery, 25-2-305 
for packaging, 25-2-324 

Energy dissipation in vibration damper 
using viscoelastic suspension, 35-7-213 

Energy distribution in half-space under 
nuclear blast, 32-2-124 

Energy methods 
noise transmission prediction by, 

33-2-13 
sound Induced vibrations predicted 

by, 31-3-12 

Ensoiite, cushioning characteristics, 
25-2-324 

Enthalpy, see Stagnation enthalpy 

ENVANAL, see Data exchange programs 

Environmental criteria, statistical analy- 
sis, 29-4-274 

Environmental data 
acoustic and vibration, instrumenta- 

tion for, 25-2-117 
in design, panel session on, 33-4-219 
digital computer in analysis, 28-4-208 
shock and vibration tests from, 

31-2-25 
in support of design criteria, 31-2-98 
on underground shock, 28-3-269 

Environmental engineering and reliabil- 
ity, 33-2-1 

Environmental factors related to specifi- 
cation requirements, 31-2-287 

Environmental tests, see also Combined 
environmental tests 

damage accumulation in relation to, 
27-4-95 

philosophy, 29-4-66 
planning, 35-3-240 
problems, 25-2-67 
of production equipment, 25-2-170 
of reentry vehicles, 30-1-199 
requirements for ground support 

equipment, 35-3-235 
standardization, 31-2-34 

Environments, see also specific environ- 
ments such as Dynamic environments. 
Launch environments, and Vibration 

effects on piezoelectric accelerome- 
ters, 26-2-106 

future problems in, 31-2-7, 21 
prediction, panel discussion on, 

33-2-161 
of Saturn, program for, 30-4-1 
in vicinity of nuclear detonation, 

28-1-1 

Equalization 
accuracy, and crosstalk, standards, 

33-3-219 
fixture design related to, 34-5-221 
by hybrid systems, 31-2-164 
new method, 27-2-121 
problems in study of vibration test 

procedures, 34-5-1 
for random tests, 35-2-147,183 
for sine-random tests, 33-3-101 
of vibration exciters, 33-3-109 

Equations of motion 
of cylinders subjected to blast, 28-3-81 

17 



Equations of motion—Continued 
of damped vibration absorbers, 

28-4-57 
of horizontal isolation systems, 

28-3-22 
Lagrangian, 25-2-245 
of missile shock motion, 30-1-115 
of nonlinear suspension systems, 

30-3-194 
for packaged items, 31-2-263 
of road vehicles, 30-3-243 
of simple elastic systems, 30-3-138 
of yielding structures with step input, 

26-2-221 

Equations of state, in soil studies, 29-3-76 

Equipment 
design 

fragility curve in study, 25-2-191 
to withstand ground shock, 

28-1-75, 34-2-279 
for vibration, 25-1-120 

failure, effect of noise on, 27-2-178 
reliability vs testing time, 26-2-46 
response to drop test shock, 35-1-101 
shock hardening, 32-3-23 

Equivalence 
of acoustics and vibration, 30-4-103 
of random and sine testing, 30-4-128 
of random vibration tests, 27-4-101 

Equivalent damage in study of vibration 
tests, 35-5-37 

Errors, see Phase errors and Slope 
errors 

Escape shafts, concepts, 32-1-130 

Estimating techniques, statistical corre- 
lation in, 28-4-1 

Experiments, statistical design, 26-2-34 

Explosions, see Chemical explosions, 
Underwater explosions, and Nuclear 
detonations 

Explosive devices, see Pyrotechnic de- 
vices 

Explosive gases, shock testing with, 
34-3-311 

Explosives 
damage from 

due to blast at Operation Cross- 
roads, 29-2-50 

due to underwater explosion, 
29-1-5 

factors which affect, 28-1-56 
ground shock using, 35-6-83 
impulse loading by HE, 34-1-111 
shock design for submarines under 

attack by, 34-1-53 
shock from 

barrel test in simulation, 
34-3-267 

effect on materials, 28-2-66 
shock generation by blast from, 

34-1-111 
shock testing with, 35-6-69 
simulation of effects on parked air- 

craft, 28-2-59 
tests, en submarine hulls, 28-1-147 
TNT 

overpressure from, 28-1-27 
Shockwaves from, 28-3-59 

yield, vs damage curves, 28-3-223 

Exponential sweep rates, response of 
single-degree-of-freedom systems to, 
33-2-296 

Extensional damping, slide rule for, 
35-7-239 

F-3H aircraft, 25-1-127 

F-4 aircraft, 34-2-261, 35-7-157 

F-5A aircraft, 34-4-191 

F-8U aircraft, 25-1-127 

F9F aircraft, 25-1-127 

Fl'.F aircraft, 25-1-127 

F101 (Voodoo) aircraft, 26-1-1 

F-106 aircraft, 33-2-34 

F-Ul aircraft, prediction of vibration 
levels in, 33-2-34 

Failure life curves for complex equip- 
ment, 27-4-108 
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Failure surfaces 
concept, 25-2-191 
in damage studies, 25-1-165 
in study of laboratory tests, 31-2-25 

Failures, see also specific types such as 
Component failures and Service failures 

in acceptance tests, 33-3-183 
analysis 

in laboratory tests, 33-3-191 
of missile components, 33-2-1 
and "test-to-failure" in reliabil- 

ity program, 33-3-189 
in combined environments, 26-2-1 
criteria, related to shock pulses, 

35-6-229 
in design, 25-1-194 
induced, tests applied to reliability, 

33-4-209 
in lamps, criteria, 35-3-125 
from noise, 27-2-183 
phenomena 

classification, 25-2-172 
from fatigue, 25-2-200 
hypothesis, 25-2-227 

probability, related to critical stress, 
29-4-274 

tests, to obtain component functional 
profile, 29-4-247 

transportation environment effect on, 
27-4-106 

types, 27-4-113 
from vibration tests, 34-1-131 

Falcon missiles, checkout equipment for, 
25-1-120 

Fallout, see Nuclear fallout 

FARADA, see Data exchange programs 

Fatigue, see also Acoustic fatigue 
cantilever beam in tests, 29-4-4 
characteristics, in study of random 

tests, 33-3-159 
criteria 

vibration test levels using, 
34-5-55 

work of internal damping as 
basis for, 29-4-218 

designing for, 27-4-113 
dynamic pressure in studies, 

35-6-141 
failure phenomena due to, 25-2-200 
machine for testing in elevated tem- 

perature and vacuum, 26-2-290 

random loading effect on properties, 
28-4-171 

in relation to damage, 25-2-233 
types of tests for, 27-4-123 
viscoelastic damping and hysteretic 

damping in study, 26-2-298 

Fatigue damage, see also Cumulative 
fatigue damage 

random vibration equivalence based 
on, 27-4-101 

Fatigue data 
of aluminum alloy, 25-2-47, 204; 

35-5-271 
on aluminum specimens, 35-5-307 
of copper, 33-3-113 
for steel, 25-2-213, 35-5-271 
of titanium alloys, 25-2-208 

Fatigue failures 
from random excitation, 35-3-125 
Stanley's hypothesis, 35-3-58 
in test development, 35-5-37 
in vibration tests, 33-3-159 

Fatigue life 
under random loading, 35-2-21 
of structures, prediction, 34-2-159 

FBMWS, see Data exchange programs 

Fiber metallurgy, noise and vibration 
control with, 35-7-261 

Fiberglass 
cushioning characteristics, 25-2-324 
overlays, under acoustic loading, 

25-2-18 

Field data 
related to mechanical impedance, 

33-3-179 
test levels from, 29-4-359; 33-3-159, 

179,211 
vibration analysis, 31-2-202 

Field environments 
data recording in study, 31-2-49 
random vibration tests related to, 

31-2-164 
simulation, panel discussion on, 

27-4-85 

Field handling conditions 
Impact-O-Graph in study, 25-2-103 
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Field handling conditions—Continued 
shock transducers in study, 25-2-110 

Filter bandwidths, effect on data analysis, 
29-4-113,183; 33-2-273 

Filtering 
of control signal, 33-3-226 
recursive, digital shock spectrum by, 

33-2-173 

Filters 
comb, in vibration analysis, 29-4-179, 

33-2-259 
multiple, in random testing, 27-2-121 
spectrum analysis using, 33-2-273 

Fingerprinting in study of vibration sensi- 
tivity, r7-2-98 

Fixtures 
attachment by vacuum technique, 

31-2-189 
bolted, locking devices for, 34-5-273 
comments on, 27-4-43 
design, 34-5-279 

related to equalization, 34-5-221 
providing thermal insulation, 

34-5-267 
in study of bending modes of solid 

propellant rocket motors, 
341-1-381 

for vibration test 
AVCO, characteristics, 27-4-26 
basic problems, 27-4-32 
design, 27-4-7,20; 34-5-259, 267 

from laminated materials, 
34-5-227 

for Saturn S-IV, 34-5-243 
examples, 27-4-10 
integrated castings for uses with 

slip tables. 34-5-231 
magnesium, 30-4-199 
materials for, 27-4-38 
stands for use in temperature 

chambers for AGREE tests, 
33-3-149 

for static firing of rocket engines, 
28-4-165 

for three-plane testing, 27-3-71 

Flame inhibitor, effect on sound pressure 
level, 25-2-15 

Flash x-ray in study of blast waves, 
32-2-86 

Flexible structures, see also Elastic 
structures 

conduits, design, 32-2-92 
isolation, 27-1-27 

Flexure stabilization of reaction vibrator, 
33-3-107 

Flight shock, Fourier spectrum, 33-3-85 

Flight vibration 
airjet noise generator simulating, 

34-2-213 
of Bullpup B, 31-2-202 
data on, compared with vibration 

survey of Thor vehicle, 33-2-47 
of drone XQ-5, 26-2-7 
dynamic pressure related to, 33-1-1 
of Gemini spacecraft, data on, 

35-7-67 
of Hawk missiles, 26-1-33 
of Hound Dog missiles, 28-4-195 
instrumentation for, 30-1-152 
of Nike-Zeus missiles, 31-1-21 
of Polaris, 29-1-117 
prediction, 33-1-1 
of RB-50 aircraft, 31-2-216 
of Sea Slug missiles, 30-1-149 
of Sergeant missiles, 26-1-61 
of Skybolt missiles, 33-3-231 
of Sparrow and Hawk due to motor 

ignition shock, 29-1-92 
static firing compared with, 25-1-67 
of Talos missiles, 30-1-165 
telemetry, 26-2-96, 31-3-150 

Floating platforms 
evaluation of shock isolators on, 

35-5-187 
for shock tests, 29-1-12; 30-1-88, 

140; 33-2-150 

Floor systems, isolation, 28-3-22 

Flow, see also Supersonic flow 
of incompressible fluids, supercriti- 

cal Reynolds number in study, 
26-2-147 

Flow experiments, instrumentation, 
26-2-151 

Flow fields, random disturbances in, 
26-2-278 

Fluctuating pressure, see Boundary layer 
noise 
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Fluid films, see Oil films 

Fluid media, blast waves in, 32-2-1 

Fluid modulation, vibration exciter using, 
30-5-12 

Fluid-solid interface, response to pres- 
sure shock, 32-2-1 

Foamed plastics 
characteristics, 25-2-305, 30-3-261 
and vermiculite, shock mitigating 

characteristics, 32-3-12 

Foams, see Polyurethane foams, Poly- 
vinyl chloride, and Rubber foams 

Footings, see also Foundations 
design under blast loading, 32-3-176 
response to impulsive loads, 32-3-188 

Force-controlled vibration tests, 33-3-211 
accelerometer locations, 35-2-183 
in application of mechanical imped- 

ance, 34-5-45 
progress report on, 35-2-117 

Force gages, see Piezoelectric force 
gages 

Force inputs in resonance detection, 
27-2-93 

Force limited test levels, see Force- 
controlled vibration tests 

Force limiters used in shock tests, 
34-3-282 

Force transmissibility, see also Trans- 
missibility 

in spacecraft structures, 35-7-205 

Forced excitation of normal modes, 
35-2-1 

Forcing functions, see also Arbitrary 
forcing functions and General forcing 
functions 

thrust gage response to, 26-2-88 

Foster's theorem 
in study of mechanical systems, 

26-2-202 
in study of mobility, 30-2-8 

Foundations, see also Footings and Ma- 
chinery foundations 

elastic, vibration modes of beam on, 
26-2-187 

and piping, vibration interaction, 
29-4-307 

for protective structures, 29-3-275 

Fourier series 
analog computer in evaluation, 

35-6-213 
in basic study of random motion, 

26-2-316 

Fourier spectra 
of common shocks, 35-6-249 
of flight shock, 33-3-85 
of pulse shapes, 35-6-224 
residual shock spectra related to, 

29-4-408 
of transient loading, 35-6-265 

Fourier transforms 
computation of frequency spectra, 

28-4-214 
for obtaining transfer function, 

25-2-253 
in study of panel vibration, 26-2-280 

Fracture, see Brittle fracture 

Fracture stress of materials, 28-2-74 

FragiUty 
of contained equipment, 25-2-334 

using environmental surfaces, 
25-1-174 

determination of level, 28-1-78 

Fragility curves in study of equipment 
design, 25-2-191 

Frangible joints, see also Joints 
mechanical shock from, 33-4-63 

Free-field phenomena, comments on, 
29-3-89 

Free-free beams, see Beams 

Free-free vibrations 
of Saturn, 30-4-40 
test using air-bearing support, 

34-5-115 
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Free play 
of springs, analog computer in study, 

33-4-133 
used as vibration isolator, 27-1-110 

Free vibrations of sandwich plates with 
orthotropic cores, 35-3-9 

Frequency, see also Critical frequency 
and Multiple frequency 

response of vibrating system to vari- 
ations in, 29-4-197 

trends, in missile flight, 33-2-137 

Frequency response, Ritz averaging 
method to obtain, 33-4-133 

Friction, temperature change due to, 
31-1-81 

Friction damping, see also Damping 
devices for, for vibration isolation, 

35-5-179 
in mounting system, 30-1-184 

Fuel tanks 
clustered, vibration analysis, 

33-2-131 
of space vehicles, propellant behav- 

ior in, 30-4-75 

Fuses, see Mechanical fuses 

G 

Galerkin process In study of model anal- 
ysis, 26-2-280 

GAM-87A missiles, 29-4-274 

Gamma radiation, see Nuclear radiation 

Gas detonations 
to obtain blast wave, 35-6-69 
theory, 34-3-311 

Gas springs, see Pneumatic springs 

Gemini spacecraft, 33-1-15, 33-3-97, 
35-6-105 

design approval tests, 35-2-139 
flight vibration data, 35-7-67 
pyrotechnic shock, 35-6-265 
vibration studies on inertial plat- 

form for, 34-2-253, 35-7-55 

General forcing functions, see also Forc- 
ing functions 

shock spectra for, 33-2-211 

Glass, see Silica glass 

Ground motion, see Ground shock 

Ground shock 
air induced, shock spectra, 32-2-169 
analog computer in study, 29-3-353 
analysis, 28-3-1 
damage, 28-3-242 
earthquake motion related to, 

29-3-157 
equipment design to withstand, 

28-1-75, 34-2-279 
from explosions, 29-3-57, 35-6-83 
instrumentation for, 26-1-9; 

29-3-145 157 
isolation from, 28-1-84, 32-1-131, 

34-1-163 
models in study, 29-3-169 
motion correlated with overpressure, 

28-2-38 
from nuclear detonations, 27-1-14; 

28-1-34; 28-2-38; 28-3-1,269; 
29-3-305 

and crater depth, prediction, 
32-1-60 

and fallout, 32-1-15 
isolation from, 28-2-20 

prediction of effects, 29-3-30 
response to, 32-3-88, 33-1-41 

of missiles, 28-3-216, 31-2-119 
of structures, 29-3-100 
of underground structures, 

29-3-324 
spectra, 28-1-66; 32-3-3,74 
waves, from nuclear detonation, 

28-1-14 

Ground support equipment 
environmental testing, 35-3-235 
shock isolation, 28-2-20 
vibration tests, 34-5-255 

Guidance, see also Inertial guidance and 
Inertial platforms 

astroinertial, vibration problems, 
35-3-169 

system, vibration effects on, 27-2-67 

Guided missiles, see also Missiles 
data exchange, 31-3-261 
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Guided missiles—Continued 
noise environment, 31-2-123 
testing program for, 27-2-59 

Guillemin's impulse method of obtaining 
transfer function, 25-2-253 

Gunfire environment 
acceleration, 34-2-153 
L aircraft, 34-2-261 

prediction, 34-4-191 
for ASROC launcher, 28-1-181 
on ships, 26-1-71, 34-4-115 
shock spectra, 34-1-85, 35-6-249 

Gyros 
coning as a source of error, 26-1-43 
drift due to vibration, 25-2-274 
isolator design for, 30-1-167 
mathematical analysis of forces, 

25-2-276 
vibration effects on, 26-1-43, 

27-2-147 

H 

Half-sine pulses, see Shock pulse 

Handling, see Rough handling and Field 
handling conditions 

Hardened sites, see also Silos 
for Blue Streak, 28-2-8 
command center, 32-1-177 
design, 27-1-16, 32-1-153 

of antennas for, 29-3-224, 
32-1-76 

to resist nuclear detonation, 
28-1-63, 29-2-17 

equipment design, 34-1-163 
shock at. Air Force approach to, 

28-1-7 
shock isolation, 28-3-175 
system, '^ock test program for, 

29-3-348 

Hardtack, see Operation Hardtack 

Harmonic motion, see Vibration 

Harmonic response to nonlinear vibration, 
25-2-258 

Hawk missiles, flight vibration, 26-1-33, 
29-1-92 

Heat sources, pyrotechnic, 27-1-143 

Heat transfer in missiles, 26-1-19 

Heaters, see Induction heaters 

HiBex missiles, vibration environment, 
35-7-25 

High altitude tests, captive test stand for, 
25-1-84 

High explosives, see Explosives 

High impact, see also Impact 
design for, 35-3-243 
response to shock, 31-2-245 

High impact shock machines, see also 
Shock test machines, 30-1-131 

characteristics, 29-1-12 
modifications, 33-1-49 
mounting assembly, 27-1-116 

High Mach numbers, measurement of im- 
pact pressure at, 26-2-120 

High shock loads, see also Shock loads 
designing mechanisms for, 34-2-153 
spacecraft equipment for, 35-3-243 

High temperature 
calibration of accelerometers at, 

33-3-19 
effect of atmosphere on creep and 

fatigue at, 26-2-287 
induction heater for vibration tests 

at, 33-3-19 
and vacuum, fatigue testing machine, 

26-2-290 
vibration tests at, 33-3-153 

Highways, see Roads 

Holloman track, see Supersonic test 
tracks 

Honeycombs, see also Crushable struc- 
tures and Yielding structures 

in aerial delivery, 34-4-269 
aluminum, in sandwich panels, 

35-2-131 
characteristics of materials, 

29-4-46, 30-3-261, 33-2-235 
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Honeycombs—Continued 
crushing, 35-5-169 
paper, characteristics, 25-2-305, 

30-3-276 
sandwich, under acoustic loading, 

25-2-18 
in study of impulsive impact, 

35-6-149 

Hot war environments, weapon system 
survival in, 28-1-125 

Hound Dog missiles 
flight vibration, 28-4-195 
MIL-E-5272 specification applied to, 

28-1-187 

Hulls, see also Pressure hulls 
of destroyers, vibration, 35-7-119 
motion, from Taylor's theory, 

34-1-14 

Humping, see Railroads 

Hydraulic fluid, electric field sensitive, 
35-2-157 

Hydraulic programmers used with drop 
test shock machines, 34-3-335 

Hydraulic retardation, deceleration by, 
25-2-157 

Hydraulic systems subjected to shock, 
design, 35-3-161 

Hyge shock testers, see also Shock test 
machines 

improvements, 34-3-365 
with increased force, 34-3-291 
reverse firing, modifications to, 

33-3-81 
simulation of near-miss shock with, 

28-1-175 
test method with, 34-3-275 
for water-entry simulation, 27-3-87 

Hypersonic flight 
noise environment of vehicle in, 

28-4-48 
plasma jet for simulating vehicle 

reentry, 27-2-22 
simulation by wind tunnel, 27-2-40 

Hypervelocity guns in study of reentry, 
27-2-14 

Hysteretic damping, see also Damping 
in study of fatigue, 26-2-298 

ICBM, see Ballistic missiles 

IDEP, see Data exchange programs 

Impact, see also Elastic impact and High 
impact 

of aerial delivery system, 34-4-269 
on hard targets, response of missiles 

to, 34-1-141 
of micrometeoroids, damage from, 

30-5-92 
pressure measurement at high Mach 

number, 26-2-120 
of railroad cars 

analog computer in study, 
30-3-173 

data on, 35-5-87 
shock produced by, 35-5-49 
speed, 31-3-94 

response to shock from, 21-2-224 
simulation, by drop test, 29-4-43 
wave, propagation in sand, 29-3-75 

Impact-O-Graph in transportation shock 
study, 25-2-103 

Impedance, see also Mechanical impedance 
and Transfer impedance 

automatic instrumentation, 34-3-3 
design methods for structures, 

34-1-67 
measurements 

on linkages, 34-3-123 
on machinery, 33-4-17 
recommendations, 34-3-57 
in self-induced vibration, 

34-3-101 
techniques for studying response of 

structures, 34-3-139 
in vibration testing, 31-2-236 

Impedance head, description, 30-2-18 

Impulse, see also Dirac impulse 
as criterion of damage, 26-2-28 
measurement, 26-2-76 
reflected, measurement, 28-3-81 

Impulsive loads, see also Shock loads 
dynamic modeling of structures for, 

35-6-285 
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Impulsive loads—Continued 
by high explosives, 34-1-111 
honeycomb material in study, 

35-6-149 
response to 

of footings, 32-3-188 
of multidegree system, 35-3-27 

in ship vibration study, 35-2-221 
simulation, by pyrotechnic devices, 

35-1-81 
structural response to, 35-6-265 

Index of severity, see Severity index 

Induction heaters 
in combined high temperature- 

vibration tests, 33-3-19,141 
using vibration power amplifier, 

33-3-141 

Jet engine noise 
environment, 25-2-10,31 
response of structures to, 28-4-177 
sound power level from, 30-4-168 
sound pressure spectra, 26-2-295 
spectra, 33-3-237 
of T-38 aircraft, 28-4-20 
ofYJ-79, 28-4-177 

Joints, see also Bolted joints and Frangi- 
ble joints 

in metal structures, vibrational en- 
ergy losses at, 33-4-189 

Jump phenomena, 25-2-260 
resonance test in study, 34-2-19 

Jupiter missiles, 27-1-5 
proposed acoustic test on, 26-2-308 

Inertia variation, effects on vibration re- 
sponse, 35-3-15 

Inertial guidance, see also Guidance 
accelerometer response, 34-4-81 

Inertial platforms, see also Guidance 
for Gemini spacecraft, vibration 

studies on, 34-2-253, 35-7-55 
power spectral density for, 35-4-121 
vibration qualification, 35-5-261 

Influence coefficients and structural 
models in dynamic analysis, 34-2-159 

Input control, see Force-controlled vi- 
bration tests 

liusgrated circuits, combined tests on, 
35-2-197 

Integration, see Double integration 

Interferometers, see Microwave equip- 
ment 

IRIG telemetry standards, see Telemetry 

Isolators, see specific types such as 
Shock isolators and Vibration isolators 

K 

Karman vortex, see Von Karman vortex 

Kinematic analysis of bar linkages, 
34-3-123 

Lagrangian equations of motion, 25-2-245 

Laminates 
constrained, damping in, 35-7-239 
design of vibration test fixture from, 

34-5-227 

Lamoen's phase plane method of transient 
analysis, 33-2-195 

Lance missiles, Pogo problem in, 35-1-41 

Lasers, accelerometer calibration using, 
35-4-33 

Lattice vibration problems, 35-3-73 

Launch-abort environment, measurement, 
34-4-73 

Jet aircraft 
prediction of vibration in, 33-2-34 
test criteria for equipment, 34-4-137 

Launch environments 
acoustic, of boosters, prediction, 

33-2-89 
simulation at lift-off, 35-2-75 
of TOW missile, 34-1-153 
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Launch-phase simulator, see also Cen- 
trifuges 

dynamic characteristics of model, 
35-3-207 

Launch vehicles, see also Missiles 
acoustic environment, prediction, 

25-2-10, 33-2-89, 34-3-101 
response of propulsion system com- 

ponents during captive firing, 
34-2-107 

response to vibration, 31-2-236 
suspension system for vibration 

testing, 35-2-191 

Life environment of Titan reentry vehicle, 
simulation, 30-1-199 

Life test for random vibration, 35-3-125 

Lift-off, see Launch environment 

Light gas guns, see Hypervelocity guns 

Lighthill's parameter in study of acoustic 
power, 28-4-23 

Liquid propellants 
behavior in tanks of space vehicles, 

30-4-75 
damping factor, 30-4-75 
loading system, shock effects on, 

32-3-115 

Liquid springs 
in design of isolation system, 

26-1-106, 29-1-21 
as shock absorber, characteristics, 

30-1-119 
in shock tests, 35-6-23 
to support missile, 30-1-108 

Loading, see Dynamic excitation 

Log-log sweep, analysis, 29-4-197 

Logarithmic converters, division by, 
29-4-191 

Logarithmic sweep 
analysis, 29-4-197 
response of structures to vibration 

from, 35-2-231 

Logistic environment, effect on missile 
reliability, 27-4-106 

LOLEX system of air delivery, 34-4-269 

Loop analysis of missile structure, 
26-1-51 

Loudspeakers, see Acoustic test facilities 

Low aspect ratio wings, see Wings 

Low-level flight, vibration environment, 
34-3-169 

Low pressure, characteristics, 25-2-70 

Low temperature characteristics of 
cushioning materials, 30-3-100 

Lumped spring method for beam vibra- 
tion, 25-2-267 

Lunar landing, conditions, 35-3-95 

M 

Mach numbers, see High Mach numbers 

Machinery foundations 
damped, design, 34-5-205 
on ships, design of mounts for, 

35-5-227 

Machinery installations by mechanical 
impedance, 34-1-67 

Magnesium alloy, characteristics, 
33-4-141 

Magnetic fields 
characteristics, 25-2-70 
effect on accelerometers, 33-3-1,11 

Magnetostriction for pressure transduc- 
ers, Wertheim and Villari effects, 
26-2-123 

Mariner spacecraft, noise-induced vibra- 
tion, 35-7-31 

Mass 
and damping influence on structural 

response, 28-4-15 
effect on vibration frequency, 

31-2-216 

Material damping, see also Damping 
in vibrating structures, 34-5-177 
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Materials 
ballistic pendulum in study of char- 

acteristics, 33-4-141 
explosive shock effect on, 28-2-66 

Mathematical models 
of airborne exterior lamps, 33-4-161 
of aircraft wings, 33-2-221 
of Lance missiles, 35-1-41 
of missile structures, 34-2-177 
of missile-tower systems, 31-2-98 
of mobile missile systems, 33-2-230 
of nonlinear structures, 35-7-197 
of resonant burning, 26-2-209 
of satellite structures, 34-2-27 
of Saturn structures, 34-2-197, 

35-3-149 
of spacecraft structures, 35-3-95 
in transient response study, 33-2-158 
of vehicles, 35-5-71 

Mathieu equation in study of beam stabil- 
ity, 28-3-30 

Matric computer, description, 29-4-403 

Matrix, see Stiffness matrix 

Matrix analysis 
by force method, 34-2-121 
iteration, in vibration analysis, 

29-4-233 
of steady-state vibration, 34-3-139 
of structures, 34-2-101 

Mauler missiles, acoustic environment, 
30-1-189 

Mechanical design 
of drag brakes, 27-1-133 
and reliability, 27-4-113 
of shock test fixtures, 27-1-116 

Mechanical fuses 
analysis and selection, 26-2-215 
radiation effect on, 30-1-8 

Mechanical impedance 
in acoustic tests, 25-2-37 
analytical determination, 30-2-8 
applications, 30-2-29, 34-3-9 
computation techniques for, 35-7-109 
concept, 33-2-8 
development, notes on, 34-3-1 
field measurements related to, 

33-3-179 

force-controlled vibration tests in 
application, 34-5-45 

in laboratory tests, 33-3-211 
machinery installation by, 34-1-67 
measurement, 33-4-55 

automatic, 31-3-134 
instrumentation for, 30-2-18, 

31-3-134 
problems, 33-4-59 
Round Robin evaluation of effects 

of technique on, 34-3-37 
tutorial discussion, 34-5-15 

modal studies by, 34-3-59 
multidimensional, 34-3-27 
with phase data, 31-a-127 
of railway shipments, 30-3-1 
in rocket motor dynamics studies, 

29-4-13, 34-3-75 
Round Robin evaluations, 34-3-3 
shear modulus of viscoelastic mate- 

rials by, 35-7-267 
shipboard vibration applications, 

33-4-1,55 
of shipping containers, 25-2-336 
of spacecraft structures, 31-2-236, 

34-3-15 
in structures, 28-4-15 

by correlation techniques, 
35-7-101 

tutorial session on, 30-2-1 
in vibration isolation studies, 30-2-43 
in vibration testing, 33-3-211; 

33-4-17,47; 34-5-221; 35-2-117 

Mechanical properties of elastic materials, 
35-6-30 

Mechanical systems, Foster's theorem in 
study, 26-2-202 

Mercury-Redstone vehicles, vibration 
environment, 30-5-132 

Mercury spacecraft, 33-1-15 
vibration testing, 30-5-97 

Metal bellows, dynamic characteristics, 
35-3-107 

Meteoric particles 
characteristics, 25-2-70 
impact damage, 30-5-92 
in space, 31-2-17 

Microcircuits, random tests on, 35-2-197 

Micrometeoroids, see Meteoric particles 
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Microphones 
for boundary layer noise measure- 

ments, 33-3-73 
characteristics, 33-3-73 

Microphonics 
in electronic equipment, 34-2-129 
from noise, 25-2-34 

Microwave equipment 
interferometers, vibration measure- 

ments using, 35-4-23 
sensitivity to vibration, 34-2-129 

Miner's hypothesis 
of cumulative damage, 25-2-229 
in equivalent test, 34-2-137 
explanation, 25-2-236, 27-4-95 

Minuteman missiles, 30-3-16,173; 
31-3-102; 33-2-89; 33-3-27; 34-3-59 

breathing mode, 34-1-181 
sound pressure level in silo, 29-1-65 
transportation tests, 30-1-211 

Missile silos, see Silos 

Missile-tower system, mathematical 
model, 31-2-98 

Missiles, see also Launch vehicles and 
specific missiles 

boundary layer noise, 28-4-32 
components 

protection from acoustic envi- 
ronment, 25-1-1 

test program for, 27-3-152 
test on rocket sleds, 27-3-13 

containers 
design criteria for, 30-3-257 
rough handling tests, 30-3-250 

design problems due to axial oscil- 
lation, 33-4-179 

environment, 28-4-208 
tape recording in, 35-1-29 

failure rates, 35-3-227 
flight, frequency trends, 33-2-137 
launcher 

mobile, for Polaris, 31-1-51 
shock due to underwater explo- 

sion, 26-1-100 
longitudinal vibration in system, 

35-1-41 
mathematical models, 29-3-353, 

34-2-177 

mobile system, mathematical model, 
33-2-230 

models, vortex spoilers on, 26-2-171 
multiple-tank, vibration analysis, 

29-4-233 
near-miss environment effect on, 

27-1-5 
noise levels, 30-5-37, 31-3-27, 

33-3-236 
at lift-off, prediction, 34-4-123 
during silo launch, 30-4-187 

noise sources, 30-4-163 
reliability 

logistic environment effect on, 
27-4-106 

prediction, 26-2-39 
response to ground shock, 28-3-216 
sound pressure level, 31-3-27 
spring-mounted, shipboard launching, 

29-1-32 
stability, Nyquist diagram in study, 

26-1-56 
structure, response to environmental 

loads, 35-3-1 
supersonic, vibration test program, 

28-4-189 
support, digital computer in study, 

30-1-108 
support system, model, 29-1-19 
suspension, shock response of non- 

linear system for, 30-3-194 
transporter, vibration analysis, 

30-3-243 
vibration 

probability of survival in, 
26-2-39 

sources, 30-4-163 
summary, 29-4-339 
telemetry, 26-2-96 

Mobile sites, 28-1-4 

Mobility, see Mechanical impedance 

Modal analysis, see also Modal proper- 
ties 

autocorrelation function in, 33-2-140 
of beam on elastic foundation, 

26-2-187 
of complex structures, 30-5-168 
cross-power spectral density in, 

33-2-141 
digital computer for, 35-7-197 
of elastic beams, 34-1-172 
by lumped spring method, 25-2-267 
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Modal analysis—Continued 
by mechanical impedance, 34-3-59 
of metal bellows, 35-3-107 
phase separation technique for, 

29-4-30 
to predict response of structures, 

34-2-11 
of resonant beam with structural 

damping, 35-7-231 
of response of multi-degree-of- 

freedom spring-mass system, 
31-3-39 

of tower, 31-2-98 
vibration component analyzer in, 

29-4-38 

Modal density in study of structural vi- 
bration, 31-3-12 

Modal patterns, see Mode shapes 

Modal properties, see also Modal analysis 
damping matrix from, 35-2-10 
of stiffened rings, digital computer 

in analysis, 35-7-145 

Mode shapes 
of cantilever beams, 34-2-93 
determination, 33-2-264 
digital computer in study, 29-4-307 
of free-free beam, 35-2-225 
of missiles, 29-4-233 
of Saturn, 30-4-30,40,81 

Mode transmission factors in analysis of 
vibration, 28-4-15 

Model analysis 
Galerkin process in study, 26-2-280 
scaling of data, 35-7-1 

Model tests 
for noise prediction, 34-4-123 
in nuclear explosions, 35-1-13 
to obtain acoustic output, 29-4-351 
with sand, 28-3-113 
of Saturn SA-1, 30-4-30 
in simulation of reentry, 27-2-14 
for structural stiffness determina- 

tions, 28-1-155 
vibration environment compared 

with, 30-4-61 

Models, see also Dynamic models. Elastic 
models, and Mathematical models 

of Nimbus spacecraft, vibration 
studies, 33-2-57 

of Saturn SA-1, vibration character- 
istics, 30-4-30 

of spacecraft, docking tests, 33-3-97 

Modes, see Accordion modes, Bending 
modes, Modal analysis, and Normal 

modes 

Modulus, see Complex modulus, Modulus 
of elasticity, and Shear modulus 

Modulus of elasticity 
for beam deflection, 35-7-261 
dynamic test of plexiglas, 28-1-168 
of soil, 28-3-269 
vs temperature for nickel, 26-2-120 

Momentum calculations related to impact, 
34-1-147 

Multi-axis tests 
vibration, 31-2-172 

device for, 27-3-71 
mathematical analysis, 27-3-83 

Multi-degree-of-freedom systems, see 
also Two-degree-of-freedom systems 

response 
to impulsive loads, 35-3-43 
to random excitation, 34-2-47, 

35-3-21 
to shock, 31-3-39 

Multi-mass systems, response equations 
for, 34-2-210 

Multiple frequency, vibration testing with, 
35-2-107 

Multipoint control 
and force limitation of vibration 

tests, 33-3-211, 213; 35-2-165,183 
random excitation with, 35-2-49 

Multi-resonant systems, transmissibility, 
26-2-203 

Munson test course 
description, 26-2-61 
simulation, 33-4-83 
vehicle environment on, 26-2-49 
vibration tests related to, 31-2-64 

Murray's theory of underwater shock, 
34-1-13 
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Myklestad's method 
for beam vibration, 25-2-267 
in study of electrical structures, 

33-4-161 

N 

Natural environments 
characteristics, 25-2-70 
data exchange on, 31-3-278 

Natural frequencies 
changes, 35-2-107 
digital computer in study, 29-4-307 
of fixed-base systems, 34-3-95 
by lumped spring method, 25-2-267 
of missiles, 29-4-233 
pressure effects on, 35-2-131 
of printed-circuit boards, prediction, 

35-7-137 
of ship hulls, 33-4-29 

Natural vibration modes, see Modal 
analysis 

Naval mounts, general purpose, 34-1-37 

NBS calibration service for vibration 
transducers, 27-4-127 

Near-miss environment 
analysis, 28-3-190 
effect on missiles, simulation by 

plasma jet, 27-1-5 
problems, 27-1-1 
shock tests of Tartar missiles, 

28-1-175 

Neoprene rubber, characteristics, 
30-3-106 

Nickel 
Curie point, 26-2-125 
modulus of elasticity vs tempera- 

ture for, 26-2-120 
and nickel-chromium alloy, rupture 

life and creep rate, 26-2-288 

Nike-Tomahawk missiles, vibration tests 
on, 35-2-117 

Nike-Zeus missiles 
container design for, 30-3-250 
review of shock and vibration 

programs, 31-1-21 

Nimbus spacecraft, vibration studies of 
scale model, 33-2-57 

Nixon's slope method of obtaining trans- 
fer function, 25-2-253 

Nodal patterns of aerodynamic stabilizer 
by dusting, 26-2-16 

Nodes and antinodes in study of vibration 
data, 33-3-211 

Noise, see also specific types such as 
Acoustic noise. Boundary layer noise, 
and Jet engine noise 

from ball bearings, 34-4-165 
control, with fiber metallurgy, 

35-7-261 
in electron tubes due to vibration, 

25-2-294 
equipment failure produced by, 

27-2-178 
fatigue due to, 30-4-140 
isolation, in ship structures, theory, 

26-2-201 
isolators, transfer impedance, 

34-3-135 
monitoring, submarine silencing by, 

34-1-79 
panel design with respect to, 25-1-42 
propagation paths, correlation sys- 

tem in study, 33-2-305 
reduction 

effect of acoustic resonance on, 
35-5-240 

in military vehicles, 34-2-271 
spacecraft modeling for, 

35-5-235 
by viscoelastic materials, 

34-5-211 
of restrained missile firing, 25-1-52 
in silos, 29-4-326 
sources, In supersonic flight, 28-4-48 
structural response to, 25-2-45 
transmission 

by energy methods, prediction, 
33-2-13 

through structures, 33-2-26 
in vacuum tubes, 30-4-114 
and vibration 

correlation, 33-2-84 
relationship, 27-2-211 

Noise generators, see Acoustic test 
facilities 
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Noise spectra, see Acoustic spectra 

Noise test facilities, see Acoustic test 
facilities 

Noise tests, see Acoustic tests 

Nomograph to obtain rms values, 34-2-228 

Nonlinear damping, see also Damping 
influence on probability distribution, 

35-7-194 
of panels, 26-2-296 
in shock absorbers, 30-1-119 

Nonlinear dynamics 
deformation of panels, 26-2-296 
effects, designing mechanisms for, 

34-2-145 
examples, 34-2-145 
phenomena in resonance test, 34-2-19 

Nonlinear oscillators, response to ran- 
dom excitation, 35-7-191 

Nonlinear springs 
in design of Polaris support, 29-1-19 
response of simple elastic system 

with, 33-4-133 
in shock mitigation, 27-1-30 
vibration resulting from, 25-2-259 

Nonlinear structures 
mathematical models, 35-7-197 
vibration testing, 33-3-195 

Nonlinear systems 
analog computer in study of shock 

spectra, 35-6-197 
for missile suspension, shock re- 

sponse, 30-3-194 
shock spectrum technique used for, 

35-7-253 

Nonlinear vibration 
digital computer in study, 34-2-85 
equations, 27-4-1 
survey, 25-2-258 

NORAD 
Combat Operations Center design, 

32-1-177 
dynamic model of building, 32-3-88 

Normal mode shapes, see Mode shapes 

Normal modes 
analysis 

of structural response, 35-5-?.44 
in study of shock motion, 

30-1-94,116 
forced excitation, 35-2-1 

Nose shapes, buffeting related to, 33-2-54 

Nova missiles, 33-2-89 

Nozzle diameters vs thrust, 31-3-31 

Nuclear blast 
buried arches and buried domes ex- 

posed to, 29-3-188 
characteristics of wave from, 

32-2-154 
data from, 28-1-27 
design of underground structures to 

resist, 28-1-63 
effects 

on aircraft, 26-1-1 
on underground structures, 

32-3-13^ 
energy distrib tion in half-space 

under, 32-2-124 
model studies in, 35-1-13 
protection from, 28-2-1 
protective structures under, 32-3-205 
response of electronic equipment to, 

29-2-50 
simulation by explosive, 35-6-83 
soil testing by simulator, 28-3-146 
vulnerability of ships to, 29-1-48 

Nuclear depth charges 
shock spectra from, 30-1-108 

Nuclear detection satellites, shock in, 
34-3-259 

Nuclear detonations 
air blast from, measurement, 

32-2-141 
close-in phenomena, 32-1-15, 64 
cratering due to, 32-1-28, 60; 

32-2-38 
deep shelters related to, 28-3-223 
displacement gage in study, 

29-3-145 
dynamic pressure resulting from, 

28-1-17 
effects, 27-1-6,14 

on ships, 26-1-76, 27-1-45 
on tunnels, 29-3-112 
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Nuclear detonations—Continued 
environment in vicinity, 26-1-1 
gamma intensity following, 28-3-182 
ground shock from, 28-1-14, 34; 

28-2-38; 28-3-1,269; 29-3-305; 
32-1-15 

isolation from, 28-2-20 
prediction, 32-1-60 

hardsite design to resist, 29-2-17 
height-of-burst curves related to, 

32-1-64 
instrumentation for, 28-1-46 
overpressure due to, 28-3-242 
pressure-time data from, 28-3-99 
response of underground structures 

to, 32-1-91 
shock pressures in tunnels due to, 

28-3-14 
shock spectra, 32-1-108 
simulation 

by chemical explosives, 27-1-85 
of radiation environment, 

28-3-159 
submarine motion due to, 26-1-79,106 
underwater, shipboard shock from, 

27-1-61 
vulnerability of aircraft to, 28-2-59 
wave fronts in earth due to, 29-3-57 

Nuclear fallout, 29-1-48, 32-1-15 
transient effects in electronic equip- 

ment due to, 28-3-182 

Nuclear power plants, shock isolation 
systems for, 30-3-211 

ground shock effect, 27-1-14 
shock environment from, 28-2-20 

Nylon rope, characteristics, 30-3-211 

Nyquist diagrams in study of missile 
stability, 26-1-56 

OAO satellites, 31-2-236, 34-5-115 
isolation of instruments, 34-3-185 
vibration test procedures for, 

31-2-77 

Octave-band analysis technique, 31-3-240 

OGO spacecraft, response to acoustic 
loading, 34-5-125 

Oil-film tables, see Auxiliary vibration 
tables 

Oil films 
characteristics for slippery tables, 

27-4-69 
in design of auxiliary vibration 

tables, 27-4-65 
slider, theoretical study, 27-4-46 

Operation Crossroads 
base surge and fallout from, 29-1-48 
damage due to blast at, 29-2-50 

Operation Hardhat, results, 32-1-91 

Nuclear pulse propulsion of ORION vehi- 
cles, 34-1-111 

Nuclear radiation, see also Radiation 
effects 

analog computer in study, 
30-1-43 

on electronics and fuses, 30-1-8 
gamma, intensity following nuclear 

detonation, 28-3-182 
in study of pulsed radiation, 28-3-154 
transient, effect on electronic equip- 

ment, 28-3-182, 30-1-43 

Nuclear tests 
FISHBOWL, 32-1-6 
NOUGAT, 32-1-6 

Nuclear weapons 
effects, research requirements on, 

32-1-6 

Operation Hardtack, 28-1-27,43,49, 63, 
93; 28-2-20 

underwater explosions, 27-1-61 

Operation Plumbob, 28-1-43,63,93; 
28-2-20; 28-3-252; 29-3-145 

Operations Center, see Combat Opera- 
tions Center 

Orbital environment 
simulation, 27-3-199 
vibration in, effects on scientific in- 

struments, 35-7-87 

ORION vehicles, nuclear pulse propulsion, 
34-1-111 

Orthotropic cores, free vibrations of sand- 
wich plates with, 35-3-9 
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Oscillation, see Vibration 

Oscillators, response to random input, 
29-4-10, 35-6-3 

Overload protection during vibration test, 
33-3-79, 34-5-93 

Overpressure 
and blast testing, 35-1-81 
and charge density, 35-6-99 
vs distance, 28-3-223 
effects 

on shallow arches, 32-3-159 
on soil and rock, 32-2-124 
on underground structures, 

28-3-36 
in footing design study, 32-3-176 
ground motion correlated with, 

28-2-38 
height-of-burst charts for, 32-1-64 
from low yield explosions, 28-1-27 
from nuclear detonations, 28-3-242 
reduced, probability, 29-3-299 
reentry during, 35-6-55 
from TNT explosions, 28-3-59 
in tunnels, 28-3-14,129 

Package cushioning, see Cushioning 

Package shock recorders, see also Shock 
recorders 

Impact-O-Graph, 25-2-103 
shock transducers for, 25-2-110 

Packaged equipment 
drop tests, 30-3-76 
equations of motion for, 31-2-263 
fragility, 25-1-174, 25-2-334 
response to random motion, 30-3-122 
trends in isolation, 30-3-57 
vibration standard for, 30-3-30 

Packaging 
energy absorbing materials for, 

25-2-324 
of heavy fragile equipment, 34-4-275 
panel session on, 30-3-339 
specifications 

review, 30-3-122 
survey of vibration requirements 

in, 30-3-27 
techniques for high shock, 34-2-153 

Palmgren-Miner theory of accumulated 
fatigue damage, 33-2-279 

Panels 
absorption coefficients, 33-4-195 
aerodynamic and structural damping 

in, 26-2-278 
design with respect to noise, 25-1-42 
nonlinear deformation and damping, 

26-2-296 
response to multiple random excita- 

tion, 26-2-278 
sandwich, vibration in vacuum, 

35-2-131 
stresses in, due to pressure blast, 

34-2-261 
vibration 

boundary layer noise in, 
26-2-278 

of Nimbus spacecraft, 33-2-57 
predictions, 33-2-26 

Paper honeycombs, see Honeycombs 

Parabolic cusp pulse, see Shock pulse 

Parachute delivery, see also Aerial 
delivery 

analog computer in study, 33-2-230 
characteristics, 25-2-305 
cushioning for, 30-3-261 
by extraction, 30-3-317 
shock associated with, 30-3-290 
telemetering clevis in study, 

30-3-327 

Parachute reentry, see Reentry 

Parachute tests, whirl tower for, 
30-5-51 

PCM telemetry system, see Telemetry 

Pegasus satellites, response of structure 
to vibration, prediction, 34-2-27 

Pershing missiles, 29-4-30 
road test of vehicles, 33-4-83 

Phase errors in measurement of random 
processes, 35-4-139 

Phase measurements in vibration testing, 
31-3-127 
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Phase plane method, see Lamoen's phase 
plane method 

Phase separation technique in study of 
vibration modes, 29-4-30 

Physiological tests, combined environ- 
ment chamber for, 30-5-68 

Piezoelectric accelerometers 
effect of acoustic field on, 26-2-114 
environmental effects on, 26-2-106 
in Snark environment study, 25-2-117 
temperature and other effects on, 

26-2-90 
zero shift in, 29-4-377 

Piezoelectric force gages 
measurement of vibration environ- 

ment by, 34-4-45 
used with shock tube, 28-3-48 

Piezoresistive accelerometers 
design and characteristics, 26-2-102 
for shock measurements, 35-4-17 

Piezoresistive strain gages in force 
transducers, 34-4-45 

Piping 
acoustic waves from, 35-3-161 
design, 32-3-115 
and foundation, vibration interaction, 

29-4-307 
networks, shock analysis, 27-1-92 

Plasma jets 
in hypersonic flight studies, 27-2-36 
near-miss simulation by, 27-1-5 
stagnation enthalpy, 27-2-22 

Plates 
deflection analysis, 26-2-134 
ribbed, sound-induced vibration, 

31-3-24 
sandwich, with orthotropic cores, 

free vibrations, 35-3-9 
vibration, nodal lines, 34-5-211 

Pneumatic springs 
air springs, for support of test item, 

35-2-191 
design, 28-4-131 
equations of motion, 27-3-18 
for shock tests, 34-3-282 
vibration isolation by, 35-5-217 

Pogo problem 
in Lance missiles, 35-1-41 
in Thor, 34-2-177 

Polaris missiles, 28-4-101, 34-1-27 
launcher 

design, 26-1-106 
mobile, 31-1-51 

shock isolation, 29-1-19 
shock mounts for, 31-2-265, 33-1-38 
support systems 

design, 30-1-108 
test program, 27-1-123 

transients in environment, 31-2-144 
vibration test levels for evaluation, 

29-1-110 

Polyethylene, characteristics, 30-3-106 

Polyurethane foams 
characteristics, 25-2-324, 30-3-100, 

31-1-62, 32-3-12, 35-5-193 
in cushion design, dynamic proper- 

ties, 31-2-265 
in sandwich panels, 35-2-131 
stress-strain curves, 28-3-122 

Polyvinyl chloride 
characteristics, 30-3-106 
foams, cushioning characteristics, 

25-2-324 

Power, see Thermal power 

Power spectra, see also Acoustic spectra 
of lift and drag forces on cylinder, 

26-2-160 
and probability distributions, signifi- 

cance, 28-4-171 
of rocket noise, 33-2-95 
of terrain profile, 30-3-13 

Power spectral density, see also Cross- 
power spectral density 

and amplitude distribution, wave 
analyzer in study, 26-2-231 

analysis of vibration data, 29-4-183 
by computer methods, 35-4-193 
concept, 33-2-8 
definition, 26-2-262, 31-3-56 
of inertial measurement unit, 

35-4-121 
of road, 35-5-71 
slope error, 35-4-135 
of vibration level, 31-3-211 
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Prediction, see environment or effect 
predicted 

Pregnant Guppy, trpnsportation by, 
33-4-117 

Pressure, see specific types such as Air 
pressure, Dynamic pressure, and Low 
pressure 

Pressure effects 
on damping of vibrating structures, 

34-5-197 
on natural frequency, 35-2-131 

Pressure gages 
magneto striction for, 26-2-123 
for measuring blast phenomena, 

28-1-19 
without surface orifice, 26-2-120 

Pressure hulls 
dynamic environment, 33-1-57 
shock wave pressure at, 34-1-53 

Pressure pulses 
effect on accelerometers 

panel stresses due to, 34-2-261 
response of fluid-solid interface 

to, 32-2-1 
shock excursion of ship machinery 

from, 34-3-129 
test facility for producing, 35-6-141 

Pressure tanks to calibrate stress gages, 
29-3-338 

Pressure-time data from nuclear detona- 
tion, 28-3-99 

Pressure waves 
in elastic materials, 32-3-146 
from underwater explosions, 25-1-185 

Primacord used in shock teste, 
35-6-69,83 

Probability density 
of combined random and sine Input, 

29-4-162 
functions, graphical representation, 

27-2-197 
normal and Raylelgh, 25-2-233 
of reliability, 35-5-307 

Probability distribution 
nonlinear damping influence on, 

35-7-194 
and power spectra, significance, 

28-4-171 

Procurement system in United Kingdom, 
27-2-61 

Production approval procedures in 
England, 27-2-59 

Profilometers, roughness by, 30-3-8 

Progressive wave tubes as testing facil- 
ities, 27-2-175 

Propane furnaces used in combined tests, 
33-3-153 

Propellants, see Liquid propellants and 
Solid propellants 

Protective structures 
in Air Force, 28-1-1 
arches for shelters, 28-3-252 
construction details, 29-2-7,27 
deep, survival, 32-1-123 
design, 28-1-93, 28-2-8, 28-3-269, 

32-3-115 
analysis, 28-3-36 
of lined cavities, nuclear blast 

effects on, 32-3-133 
to resist nuclear blast, 28-1-63 

entrance systems to, 32-1-138 
feasibility study. 28-3-223,233 
foundations for, 29-3-275 
nuclear blast effects on, 32-1-91, 

32-3-205 
problems, 28-1-121, 28-2-1, 

32-1-153 
by proven components, 29-3-289 
related to costs and capabilities, 

29-3-299 
resistance, theory, 29-3-126 
response, 29-3-100 

to blast loading, 32-3-220 
to ground shock, 29-3-324 

role in defense, 32-1-12 
shelters related to nuclear detona- 

tion, 28-3-223 
shock isolation, 28-3-113; 32-3-74,88 

of contents, 32-3-1 
shock spectra. 28-1-75 
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Protective structures—Continued 
shock tube in study, 3< .  220 
soil dynamics related to, 29-3-93 
stresses near, 32-2-55 
survey of high level, 29-2-1 
vulnerability, 28-3-242 

Proximity spectra, evaluation of shock 
motion by, 35-6-229 

Pulse control with shock programmer, 
34-3-335 

Pulse generators for shock testing, 
29-4-96 

Pulse jets, acoustic facility, 27-2-192 

Pulse reactors, characteristics, 28-3-171 

Pulse shapes 
from air gun, 29-4-84 
effect on displacement, 30-3-302 
effect on shock loads, 32-3-12 
Fourier spectra, 55-6-224 
by mechanical shock machines, 

35-6-209 
from shock machines, 35-6-23 

Pulsed radiation, see Radiation 

Push rods, see Drive rods 

Pylons, analysis of design, 28-3-210 

Pyroclectric effects on accelerometers, 
33-3-1,9; 35-4-37 

Pyrotechnic devices 
separation shock by, 33-4-63, 73; 

34-3-259 
simulation of impulsive environments 

by, 35-1-81 

Pyrotechnic shock 
analysis and test, 35-6-309 
of Centaur vehicles, 35-6-331 
of Gemini spacecraft, 35-6-265 
of Nike-Zeus missiles, 31-1-21 
from Ranger program, 35-6-309 
shock spectra, 34-3-268; 35-6-163, 

249,315 
simulation, 33-4-78, 34-3-267 

Pyrotechnics, simulation of aerodynamic 
heating by, 27-1-143 

Qualification tests, see also Acceptance 
tests and Quality control tests 

of aircraft components, 29-4-246 
resonance dwell testing in, 33-3-203 
of Snark missile, 27-2-67 
spacecraft vibration related to, 

35-2-203 
vibration 

of inertial equipment, 35-5-261 
in study of component failure, 

27-2-98 

Quality control tests, complex wave ma- 
chine for, 27-3-65 

Quartz lamps, characteristics, 27-1-149 

Quick-look techniques 
of data reduction, 30-4-16 
of vibration data analysis, 29-4-179 

RB-50 aircraft, flight vibration, 31-2-216 

RB-66 aircraft, 25-2-39 

Radiant heat combined with vibration, 
26-1-24 

Radiation, see also Cosmic radiation and 
Nuclear radiation 

effects 
on electronic equipment, 

28-3-182, 30-1-34 
of spectral wavelengths, 30-5-125 

of particles in space, 31-2-16 
prediction, 28-1-115 
pulsed 

experiments with, 30-1-34 
nuclear radiation facility in 

study, 28-3-154 
simulation 

of nuclear detonation, 28-3-159 
test facilities for, 30-1-24 

Radiosonde transmitters, effects of envi- 
ronmental testing on, 25-2-79 

Radomes, hydrodynamic impact, 28-4-141 

Railroad cars 
coupling, simulation, 30-3-173 
impact speed, 31-3-94 
motion analysis, 30-3-1 
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Railroads, see also Impact and Transpor- 
tation environment 

damage resulting from shipment on, 
30-3-1 

environment 
data on, 31-3-81,94 
field measurements, 33-4-99 
survey, 35-5-1 

humping 
ramp test to simulate, 30-3-174 
shock, 26-2-49, 35-5-49 
shock spectra, 30-3-138 
ttsts of shock-mounted equip- 

ment, 30-3-211 
roughness, of test track, 27-3-46 
transportation on 

dynamic environment, 30-3-16 
shock and vibration data from, 

33-4-99 

Rain erosion, during sled test, 31-2-194 

Random data analysis, digital techniques 
in, 33-2-286 

Random equalization, see Equalization 

Random excitation, see Random vibration 

Random forces due to fluid flow, 26-2-165 

Random noise, see Acoustic noise 

Random pressure field 
response of damped structures to, 

31-3-55 
scaling laws in study, 34-2-1 

Random processes 
nonstationary spectra, 34-2-37 
phase errors in measurement, 

35-4-139 

Random shock, cumulative damage due 
to, 35-3-141 

Random vibration 
analysis, 31-3-211, 33-2-286, 

34-2-37, 35-4-121 
coherence in, 35-7-101 
comb filters in, 33-2-259 
filter bandwidth effect in, 

33-2-273 
principles, 29-4-183 
real-time, 31-3-232 

characteristics, 29-4-106 
data 

analysis, 31-3-195 
short-duration nonstationary, 

analysis, 29-4-126 
usefulness, 29-4-113 

combined narrow- and broadband 
tests, 35-2-33 

cumulative fatigue damage due to, 
29-4-253 

damage due to, 33-3-165, 35-5-99 
in damage level study, 30-4-128 
of damped beam, 35-3-45 
deflection due to, 26-2-315 
digital computer in study, 35-7-101 
dynamic pressure in study, 33-1-15 
effect on fatigue properties, 28-4-171 
equivalence, based on fatigue damage, 

27-4-101 
equivalent, to predict internal struc- 

tural environment, 29-4-243 
fatigue from 

in cantilever beams, 31-3-32 
data on, 31-3-32 
in structures, 35-5-271 

fatigue life under, 35-2-21 
Fourier series, in basic study, 

26-2-316 
of Gemini, 35-2-142 
introduction to, 25-2-177 
lifetime evaluation for, 35-3-125 
measurement techniques, 31-3-111 
with multipoint control, 35-2-49 
with multiple shakers, 35-2-85 
philosophy, 35-3-89 
prediction, 33-2-86 
reliability improvement by, 35-3-227 
response to, 25-2-180, 249; 30-2-66; 

31-2-164; 33-3-162; 34-5-103 
of elastic structures, 25-2-281 
of multi-degree-of-freedom 

systems, 34-2-47, 35-3-21 
of multisupported beams, 35-3-45 
of oscillators, 29-4-10, 35-6-3, 

35-7-191 
of packaged items, 30-3-122 
of panels in flow field, 26-2-278 
of two-degree-of-freedom sys- 

tems, 28-4-232 
simulation 

pitfalls in, 34-5-1 
by shock testing, 35-6-1 
state of the art, 27-2-137 

sinusoidal substitutes for, 28-4-114, 
29-4-1 
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Random vibration—Continued 
and sinusoidal vibration, 33-3-101 

analysis of combination, 29-4-153 
correlation of data on fatigue 

from, 33-2-279 
damage correlation between, 

27-2-139 
equivalence, 29-4-218, 34-2-137 

space requirements for, 26-2-315 
statistical representation, 33-1-1, 

34-4-148 
structural response to, 34-2-51 
tests, see also Combined random- 

sinusoidal vibration tests 
for analysis of stress cycle am- 

plitude, 25-1-117 
at Boeing Company, 27-2-103 
broadband 

derivation of equivalent 
sweep random test to, 
34-5-78 

sweep-random test compared 
with, 34-5-67 

equalization for, 33-3-101, 
35-2-183 

equivalence of long-duration low- 
intensity and short-duration 
high-intensity, 27-4-101 

fatigue characteristics in study, 
33-3-159 

at Lockheed, 27-2-113 
on microcircuits, 35-2-197 
multiple filters in, 27-2-121 
narrow-band, 25-1-110, 34-5-13 
related to field environment, 

31-2-164 
specifications for isolators, 

29-4-106 

Randomness testers for acoustic signals, 
33-2-286 

Ranger spacecraft 
multipoint control for vibration test- 

ing, 35-2-165 
separation shock in, 35-6-309 
transonic vibration, 35-2-75 

Reactors, see Pulse reactors 

Reciprocity calibrations, 34-4-21 
errors in, 33-3-49 

Reconnaissance systems, dynamic ana- 
lyzer for evaluation, 30-5-61 

Recording systems, see Digital recording 
systems 

Rectified torque, definition, 35-5-263 

Redstone missiles, 27-1-5, 27-2-1 
proposed acoustic tests on, 26-2-308 
self-induced vibrations, 26-2-184 
service life, simulation, 27-3-182 

Reed gages, discussion, 25-2-189 

Reentry 
during overpressure, 35-6-55 
environment 

simulation, 33-3-137,141,153 
of space vehicles, 31-2-18 

flight of ballistic missiles at, 27-2-1 
heating due to, 27-1-143 
hypervelocity gun and model in study, 

27-2-14 
illumination, spectra, 27-2-20 
parachute, aerial recovery, 33-3-63 
simulation, instrumentation for, 

27-2-10 
vibration data on ballistic missiles 

during, 35-7-9 
vibration during, prediction, 35-7-9 

Reentry vehicles 
acoustic data, 35-7-9 
hypersonic simulation, 27-2-22 
noise, 35-7-19 
RFD II, 34-5-45 
Titan, simulation of life environment, 

30-1-199 

Regression analysis in combined tests, 
25-2-79 

Rankine-Hugoniot equations 
curves for silica glass, 29-3-76 
in study of shock waves, 28-3-69 

Rayleigh distribution of modulated 
sinusoid, 28-4-118 

Reactor compartment, model tests, 
2C-1-155 

Regulus missiles, 25-1-1, 27-1-27 

Relay spacecraft, 34-3-19 

Reliability 
analysis of test data, 27-3-165 
of Bullpup missiles, 31-1-83 
considerations in vibration test re- 

quirements, 34-4-147 
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Reliability—Continued 
in container testing, 34-4-263 
data, exchange programs for, 

31-3-261 
effect of order of environment on, 

26-2-33 
and environmental engineering, 

33-2-1 
improvement, by random vibration, 

35-3-227 
induced failure tests applied to, 

33-4-209 
and mechanical design, 27-4-113 
of missiles 

logistic environment effect on, 
27-4-106 

prediction, 26-2-39 
nomograph for vibration tests, 

27-2-64 
probability density, 35-5-307 
in production vibration tests, 25-2-174 
in study of vibration test levels, 

33-3-183 
of systems, vibration control for, 

29-4-241 
vs testing time, 26-2-46 
tests, data processing in, 33-3-189 
vibration tests in estimating, 33-3-189 

Resilient mounts, see Shock isolators and 
Vibration isolators 

Resonance 
acoustic, at low frequency, 35-5-235 
buildup during log sweep, 35-2-231 
change due to free play, 27-1-110 
detection, force input in, 27-2-93 
instrumentation for, 35-4-11 
of rocket motor by mechanical im- 

pedance, 34-3-59 
of systems as function of vibration 

test parameters, 34-5-145 
tests, in study of jump phenomena, 

34-2-19 

Resonance-dwell technique 
damping properties of aluminum by, 

34-5-177 
in qualification tests, 33-3-203 

Resonant beams, see Beams 

Resonant burning in solid propellants, 
analysis, 26-2-209 

Resonant chambers, see Acoustic test 
facilities 

Resonant frequency, see Natural frequen- 
cies 

Response 
of cantilever beam to shock, 26-2-75 
of complex structure to vibration, 

31-2-86 
of components to impact shock, 

31-2-224 
control, in vibration testing, 34-5-93 
of damped spring-mass system to 

modulated sinusoidal vibration, 
28-4-117 

of damped structures to random 
pressure, 31-3-55 

of digital accelerometer to vibration, 
34-4-81 

dynamic 
of cantilever beams, 35-3-81 
of multi-spring-mass systems, 

equations for, 34-2-210 
of dynamic systems to transients, 

29-1-103 
of elastic components, analog com- 

puter in study, 34-2-107 
of elastic structures to vibration, 

prediction, 34-3-83 
of elastically coupled systems, 

35-3-15 
of electronic equipment to nuclear 

blast, 29-2-50 
of equipment 

to drop-test shock, 35-1-101 
to high impact shock, 31-2-245 
to random vibration, 26-2-319 
to sweep frequency, 31-2-30 

of flight vehicles to vibration, pre- 
diction by models, 31-3-1 

of fluid-solid interface due to pres- 
sure shock, 32-2-1 

of footings to impulsive loads, 
32-3-188 

of free-free beam to sinusoidal exci- 
tation, 29-4-32 

human, to vibration, 34-4-173 
of launch vehicles and spacecraft, 

31-2-236 
missile suspension system to shock, 

30-3-194 
of missile system to elastic impact, 

mathematical model, 33-2-230 
of missiles 

to ground shock, 28-3-216 
to hard-target impact, 34-1-141 
to random vibration, 25-2-180 
to vibration, damping additive to 

control, 30-4-153 
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Response—Continued 
of multi-degree-of-freedom systems 

to impulsive loads, 35-3-43 
to random vibration, 34-2-47, 

35-3-21 
to shock, 31-3-39 

of multisupported beam to random 
loading, 35-3-45 

of OGO spacecraft to acoustic load- 
ing, 34-5-125 

of oscillator to random vibration, 
29-4-10, 35-6-3, 35-7-191 

of packaged items to random vibra- 
tion, 30-3-122 

of panels 
to acoustic field, prediction, 

31-3-63 
to multiple random vibration, 

26-2-278 
of propellant loading system to shock, 

32-3-115 
of resilient mounts under shock load- 

ing, 35-5-187 
of rocket components to vibration, 

prediction, 'J5-3-21 
of rocket structures to environmental 

loads, 35-3-1 
of satellite structures, prediction, 

34-2-27 
of ship machinery to shock pressure 

pulse, 34-3-129 
of shipboard equipment to underwater 

explosions, 28-1-130, 34-1-5 
of shipping containers, prediction, 

35-5-49 
of ships to vibration, 33-4-29 
of simple elastic system with non- 

linearity, 33-4-133 
of single-degree-of-freedom systems 

to arbitrary forcing function, 
26-2-199 

to exponential sweep rates, 
33-2-296 

of single mass-spring system, 
30-4-97 

of solid propellant structures to vi- 
bration, 33-4-171 

of spherical mass in cushioning, 
28-4-65 

of structures 
to acoustic excitation, 25-2-45, 

30-4-188, 33-2-77 
by analog computers, 33-2-216 
to blast loads, 28-3-233, 311; 

35-6-285 
by digital computer, 34-2-101 

by digital data recording sys- 
tem, 35-4-181 

to dynamic excitation, 30-2-66 
to earthquakes, 29-3-157 
to fluctuating pressure, 34-2-11 
to ground shock, 33-1-41 
impedance techniques in study, 

34-3-139 
to impulsive loading, 35-6-265 
to jet engine noise, 28-4-177 
to log-sweep vibration, 35-2-231 
mass and damping influence on, 

28-4-15 
normal-mode theory, 35-5-144 
to random and sinusoidal vibra- 

tion, 34-5-103 
to shock, 27-1-107 
to sinusoidal sweep, data analy- 

sis, 35-4-151 
to stochastic excitation, 34-2-51 
by superposition techniques, 

35-7-197 
to vibration, prediction, 33-2-26 

of submarines to underwater shock, 
33-1-64 

to sweep random tests, 31-2-164 
of systems 

to random vibration, 33-3-162 
to sinusoidal vibration, 31-3-127 

of Talos missiles to shock, 33-2-150 
of Titan missiles to ground shock, 

31-2-119 
transient 

of elastic systems, 33-2-195, 
35-3-187 

of free-free bars, 35-5-147 
mathematical model, 33-2-158 

of two-degree-of-freedom systems 
to random vibration, 28-4-232 

of underground structures, 29-3-100 
to blast loads, 32-3-220 
to ground shock, 29-3-324, 

32-3-88 
to nuclear detonation, 32-1-91 

of vibrating system to frequency 
variations, 29-4-197 

of yielding structures to shock load- 
ing, 30-3-302 

Response spectra 
analog computer for study, 35-6-41 
of earthquakes, 33-1-35 
for shock, 35-6-163 

analysis, 28-4-277 
of Athena booster, 35-6-353 
of spacecraft structure, 35-6-331 
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Response spectra—Continued 
for shock—Continued 

testing to, by electrodynamic 
shaker, 35-6-41 

Reusable containers, see also Containers 
rough handling tests, 30-3-165 
shaker attachments for, 34-5-255 

Reverberant chambers, see Acoustic test 
facilities 

Reynold's number 
graph, 26-2-172 
supercritical 

in study of flow of incompressi- 
ble fluids, 26-2-147 

vortex discharge at, 26-2-147, 
180 

Rings 
segments, stiffness matrix for, 

35-7-149 
stiffened, modal characteristics, 

35-7-145 

Ritz averaging method to obtain frequency 
response, 33-4-133 

RMS g level, calculation, 27-2-111 

RMS values of vibration spectra, graphi- 
cal method of obtaining, 34-2-225 

Road noise of tracked vehicle, 30-1-193 

Road tests 
of mobile launchers, 31-1-61 
of Pershing missile vehicles, 33-4-83 
of rocket motors, 30-1-211 

Road vehicles 
acceleration spectral density, 34-1-90 
damping, 30-3-222 
equations of motion, 30-3-243 
trailers, transportation environment, 

30-3-240 
transports, dynamics, 31-3-102 

Roads, see also Rough roads 
conditions, influence on truck vibra- 

tion, 30-3-36 
paved, vibration environment of 

vehicles on, 33-4-95 

roughness 
criteria, 31-3-108 
power spectral density, 35-5-71 

vibration from, data analysis, 35-5-57 

Rock 
cavities in, stress distribution near, 

32-2-55 
dynamic strength, 29-3-136 
modeling, 29-3-169 
overpressure effects on, 32-2-124 
stress in, due to blast, 32-2-8 

Rocket engines 
acoustic field, 31-2-123, 31-3-27 
acoustic noise, scaling of data, 

34-4-123 
acoustic power spectra, 33-2-95 
apparent weight, 34-5-45, 35-2-117 
characteristics, mechanical imped- 

ance in study, 34-3-75 
component response to vibration, 

prediction, 35-3-21 
liquid-fueled, sound pressure level, 

25-1-8 
resonance, by mechanical impedance, 

34-3-59 
road test, 30-1-211 
solid-fueled, fixtures in study of 

binding modes, 34-1-181 
static firing, test fixture for, 

28-4-165 
transport, 35-5-87 
vibration 

mechanical impedance in study, 
29-4-13 

in static stand, 28-4-168 
test, 33-3-27 

X-248, 28-4-165 

Rocket motors, see Rocket engines 

Rocket-propelled sleds, see also Super- 
sonic test tracks 

missile component testing on, 
27-3-13 

pneumatic vibration isolators on, 
27-3-18 

velocity generator for tests with, 
35-6-47 

vibration environment, 27-3-1, 30 

Rocket vehicles, see Missiles 
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Rotors 
unbalance in, reduced by force- 

cancelling system, 33-4-149 
vibratory stresses in blades, 

35-2-263 

Rough handling 
statistical sampling plan in study, 

25-2-103 
tests 

of missile containers, 30-3-250 
of reusable containers, 30-3-165 

Rough roads, see also Roads 
shock environment, 26-2-49 
truck environments on, 35-5-21 

Round Robin evaluations of mechanical 
impedance, 34-3-3,37 

Rubber, see also Acrilonitrile rubber and 
Neoprene rubber 

in shock tests, 35-6-23 

Rubber foams, cushioning characteristics, 
25-2-324 

Safety criteria in vibration tests, 31-1-74 

Safety factors, see Safety margins 

Safety margins 
compared to design criteria, 34-1-98 
and environmental criteria, statisti- 

cal analysis, 29-4-274 
in test programs, 27-3-155, 28-4-225 

Sage Missiles, description of Canadian 
facility, 29-2-7 

Sampling rates, see Digital sampling 
rates 

Sampling techniques applied to flight data, 
34-4-107 

Sand 
bearing characteristics, 28-3-146 
impact wave propagation in, 29-3-75 
model tests using, 28-3-113 

Sandwich panels, see Panels 

Sandwich plates, see Plates 

Satellites, see specific satellites such as 
ECHO, Nuclear deiection satellites, 
and Scientific satellites 

Saturn missiles, 34-2-159 
bending modes, 33-2-131 
bending vibration, 30-4-61 
dynamic environment, prediction, 

33-2-72 
environmental program, 30-4-1 
equipment for, test philosophy, 

30-4-22 
launch facility acoustic environment, 

prediction, 33-2-89 
low-frequency vibration, 34-2-197 
S-IB, mathematical model, 35-3-149 
S-IV 

design of fixtures for, 34-5-243 
transportation environment, 

33-4-111 
sloshing problem in, 30-4-75 
sound pressure level at static firing, 

33-2-113 
structure, mathematical model, 

34-2-197 
thrust build-up, 30-4-85 
vibration levels, measured vs pre- 

dicted, 33-2-102 

Sawtooth pulse, see Shock pulse 

Sawtooth shock machines, see Shock test 
machines 

Scaling 
of blast distance data, 28-3-81 
constants, for buildings, 32-3-88 
of crater dimensions, 32-2-38 
laws 

for dynamic models, 31-3-3 
for shock tests, 35-1-13 
in study of random oressure 

field, 34-2-1 
of model data, 35-7-1 
of models for acoustic tests, 

30-4-140 
of rocket engine noise data, 34-4-123 

Scanning rates, influence on data analysis, 
29-4-183 

Scientific satellites, space environment, 
30-5-75 

Sea Slug missiles, flight vibration envi- 
ronment, 30-1-149 
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Seismic instruments in study of ground 
motion, 29-3-157 

Seismic velocity of blast waves, 29-3-305 

Sensitivity, see also Accelerometers 
of instruments to vibration, 35-7-87 
transverse, measurement, 35-4-73 

Separation shock, see Pyrotechnic shock 

Sergeant missiles, vibration environment, 
26-1-61, 27-1-133 

Service failures, damage correlated with, 
27-4-86, 88 

Servo control of isolator systems, 27-3-18 

Servo systems, analysis, 26-2-138 

Severity index related to shock, 35-5-133 

Shakers, see Vibration exciters 

Shanley's hypothesis of fatigue failure, 
35-3-58 

Shaped charges 
shock environment from, 35-6-331 
to simulate nuclear detonation, 

27-J-85 

Shear modulus 
from torsional oscillation, 35-7-261 
of viscoelastic materials by mechan- 

ical impedance, 35-7-267 

Shells, see also Cylindrical shells 
liners, hoop stresse' in, 32-3-13Ö 
multilayer, vibration under dynamic 

loads, 35-3-27 
structure, interaction with soil, 

29-3-126 

Shelters, see Protective structures 

Shillelagh missiles, dynamic environment, 
34-1-85 

Shipboard equipment 
shock design analysis, 28-1-130, 

30-1-92 
shock design criteria for, 30-1-142 
shock tests, 34-1-5 
vibration spectra, 33-1-44 

Shipboard shock, 33-1-49 
in damage studies, 25-1-194 
damping in study, 28-3-190 
design inputs for equipment subject 

to, 30-1-92 
integration in study, 35-4-1 
prediction, 34-1-13 
progress in study, 34-1-1 
shock spectra, 33-1-35 
simulation, 30-1-80 
survey of problem, 30-1-65 
from underwater explosions, 26-1-84; 

30-1-65; 35-1-1,101 
from underwater nuclear detonations, 

27-1-61 

Shipboard vibration, 26-2-56, 34-4-115 
analysis, 34-4-205 
data acquisition, 33-1-71 
data analysis, 33-2-243 
electronic equipment response to, 

34-4-119 
instrumentation for, 34-4-1 
mechanical impedance applied to, 

33-4-1 
response to, 33-4-29 
simulation, 27-3-102 
survey, 29-1-39 
techniques of impulsive loading in 

study, 35-2-221 

Shipping containers, see also Containers 
design approach to, 25-2-332 
instrumentation, 33-3-57 
prediction of response, 35-5-49 
for Terrier missile, 30-3-185 

Ships 
accelerations on, instrumentation to 

measure, 34-4-205 
acoustic radiation from, prediction, 

26-2-206, 34-3-129 
cargo, on-board vibration, 34-4-205 
carriers, Essex Class, 29-1-39 
damage criteria, 28-1-128 
destroyers 

Class DD692, 29-1-39, 35-7-119 
hull vibration, 35-7-119 

environment 
data on, 31-3-81 
related to missiles, 26-1-71,94 
survey, 35-5-1 

hulls, natural frequencies, 33-4-29 
launching of spring mounted missiles 

from, 29-1-32 
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Ships—Continued 
motions 

analysis, 34-4-1 
effect on missile launching, 

29-1-32 
from nuclear detonations, 

26-1-76 
from shock, 33-1-49 
vibration environment due to, 

26-1-94 
noise control on, mechanical imped- 

ance techniques in analysis, 
33-4-55 

NS Savannah, 33-4-29 
shock loading on, 25-1-185, 26-2-56 
shock mounts on, 31-2-245; 34-1-37, 

47 
shock spectra for design, 30-1-96 
shock tests, 29-1-5, 30-1-80 
S.S. Wolverine State, 34-4-205 
stowage systems on board, require- 

ments, 28-3-190 
structures 

damping, 33-4-43 
full-scale shock testing, 27-1-45 
theory of vibration and noise 

isolation in, 26-2-201 
survey of shock problem on, 30-1-65 
USS Boston, 25-1-185, 26-1-94 
USS Canberra, 26-1-94 
USS Edson (DD 946), 29-1-5 
USS England, 35-1-101 
USS Fullam, 30-1-65, 33-1-49 
USS Galveston (CLG 3), 29-1-5 
USSGyatt, 26-1-84,94 
USS Killen (DD 593), 33-1-49 
USS Midway (CVA 41), 29-1-5 
USS Norfolk, vibration environment, 

28-1-181 
USS Okinawa (LPH-3), 33-4-29 
USS Outpost (AGR 10), 34-4-1 
USS Trout (SS 566), 29-1-5 
vulnerability, 35-1-23 

to nuclear attack, 29-1-48 
weapons on, shock protection, 27-1-27 

Shock, see also specific types such as 
Ground shock and Pyrotechnic uhock 

analysis 
design improvements by, 34-1-27 
digital computer for, 33-2-173 
by graphical techniques, 33-2-195 
indeterminate, 30-5-155 
normal-mode, 30-1-94,116 
of piping networks, 27-1-92 
of road vehicles, 30-3-229 
at Sandia Corp., 34-4-55 

analyzer 
design, 28-4-277 
spectral, 29-4-138 

attenuation 
in channels, 32-2-188 
with passive elements, 35-5-147 
by yielding structures, 26-2-215 

design for, 25-1-194 
computers in, 34-1-27 
of cushioning systems for aerial 

delivery, 30-3-276 
mechanisms, for high-shock 

loads, 34-2-153 
of hydraulic systems, 35-3-161 
of lined underground cavities, 

32-3-133 
models in, 33-1-64 
of package cushioning, 35-5-193 
of shipboard equipment, 

28-1-130; 30-1-92,142 
of spacecraft equipment for high 

impact, 35-3-243 
for submarines under explosive 

attack, 34-1-53 
duration, effects, 30-5-165 
evaluation by proximity spectrum, 

35-6-229 
factor, description, 35-1-28 
hardening of equipment for, 32-3-23 
measurements, piezoresistive accel- 

erometers for, 35-4-17 
from motor ignition 

of Athena booster, 35-6-353 
flight vibration of Sparrow and 

Hawk due to, 29-1-92 
of Nike-Zeus missile, review of 

program, 31-1-21 
nomograph, 31-2-231 
in parachuted loads, 30-3-290 
reduction 

by aerodynamic spoilers, 
32-2-151 

on board submarines, 34-1-1 
reflections on technology, 33-2-8 
requirements, present and planned, 

30-1-131 
resistance 

design criteria of equipment for, 
34-1-5 

evaluation, 28-2-20 
response analyzers, description, 

29-4-138 
severity measured by shock spectra, 

25-2-230 
simulation by electrodynamic shaker, 

31-2-144, 33-3-85 
at spacecraft docking, 35-6-105 
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Shock—Continued 
on submarine under attack, 33-1-57 
terms, definitions, 35-6-181 
from underwater explosions, 

26-1-84, 28-1-130, 34-1-13 
effect on submarines, 26-1-106, 

28-1-147, 33-1-64 
instrumentation, 28-1-46 

in vehicles, 31-3-301 

Shock barges, see Floating platforms 

Shock damagd, 32-3-1 
compatibility factor in study, 

25-1-194 
potentials, 35-6-163 
on shipboard, 25-1-194, 30-1-65 
on submarines, 28-1-148 
from underwater burst, 27-1-65 

Shock data 
acquisition, 31-3-254 
analysis, 25-2-253, 28-4-197 
from Athena booster, 35-6-353 
digital computer in study, 31-3-225 
error correction, 35-4-231 
from land shipments, 33-4-99 
for military vehicles, 30-3-36 
panel discussion on, 28-4-256 
from pyrotechnic devices, 33-4-73, 

35-6-331 
of railroad humping and rough roads, 

26-2-49 
reduction, from Saturn vehicle, 

30-4-16 
signature of railcar impact, 30-3-138, 

35-5-49 
on test track, 27-3-10 
from water impact, 35-7-77 

Shock isolation 
active, 35-5-203 
of buried structures, 28-3-113 
characteristics, of vermiculite and 

foamed plastics, 32-3-12 
in containers, 34-4-275 
factor, in study of cushioning, 28-4-65 
of flexible structures, 27-1-27 
of floor systems, 28-3-22 
from ground shock, 32-1-131, 

34-1-163 
due to nuclear detonation, 

28-2-20 
of ground support equipment, 28-2-20 
at hard bases, 28-3-175 
of missiles, 32-3-74 

optimum, 35-5-203 
in package cushioning, 30-3-66 
of packaged equipment, trends in, 

30-3-57 
philosophy, 27-1-40 
of Polaris, 29-1-19 
for rotational drop test, 28-4-79 
of satellite instruments, 34-3-185 
in ships, 25-1-185 
of structure contents, 32-3-1 
systems for 

charts for characteristics, 
28-3-190 

liquid spring in design, 26-1-106, 
29-1-21 

for nuclear power plant, 30-3-211 
of Thor hardened sites, 28-1-84 
in tunnels, 29-3-310 
of underground structures, 28-3-113; 

32-3-74, 88 
with vibration isolators, 34-3-177 
with viscous damping, 35-5-217 

Shock isolators, see also Air bags 
characteristics, 30-3-194 
coupled-compression, 29-4-299 
design, 31-2-245, 35-5-133 

rational approach to, 34-3-157 
elasticity in drop tests, 28-4-79 
liquid spring, characteristics, 

30-1-119 
optimum, analysis, 35-5-203 
panel discussion on, 30-5-143 
for Polaris, design, 31-2-265, 

33-1-38 
problems, approximate analysis, 

28-4-65 
response, 35-5-187 
for ships, 34-1-37,47 
toroidal, shock tests, 34-1-111 
toroidal springs, characteristics, 

35-5-243 
travel due to random excitation, 

26-2-315 

Shock loads, see also High shock loads 
and Impulsive loads 

accelerometer characteristics under, 
35-6-328 

cumulative damage caused by, 35-3-57 
on ICBM, 29-3-353 
response to 

of resilient mounts, 35-5-187 
of yielding structures, 30-3-302 

on ships, 25-1-185 
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Shock loads—Continued 
strain gages on elastic structures 

for measurement, 33-3-63 
in tunnels due to nuclear detonation, 

28-3-14 

Shock mounts, see Shock isolators 

Shock pulse 
Bode diagrams, 35-6-214 
failure criteria related to, 35-6-229 
generators for shaker shock tests, 

34-3-360 
half-sine and parabolic cusp, shock 

spectra, 31-2-233, 34-3-223 
index of severity in study, 35-5-133 
produced by electrodynamic vibrator, 

28-4-101 
sawtooth 

instrumentation and shock test- 
ing related to, 28-4-218 

shock spectra, 25-2-137, 
34-3-223, 35-6-229 

shaping by double force method, 
35-6-149 

spectra from step pulses, 35-6-193 
square wave, produced by air shock 

wave, 28-4-94 
submicrosecond, damage produced 

by, 28-2-66 
tolerances for, 35-6-173 
triangular, produced by air gun, 

29-4-84 

Shock recorders, see also Package shock 
recorders 

for drop height measurement, 
27-4-132 

for ground transportation, 30-3-111 
Sandia development, 27-4-135 
for transportation hazards, 33-3-57 
in transportation tests, 35-5-33 
USAERDL development, 27-4-134 

Shock response, see Response 

Shock specifications, 31-2-224 
difficulty of defining realistic input, 

28-1-130 
for underwater explosions, 35-1-23 
using acceleration pulses, 35-6-173 
using spectra, 35-6-185 
WS-107A-2, 25-2-137 

Shock spectra, 34-3-211 
analog computer in analysis, 

33-2-182, 35-4-129 

from analyzer, 28-4-277 
concept, 33-2-8 
for design, vs ordinary spectra, 

28-1-130 
as design criteria, 32-3-23 
digital, by recursive filtering, 

33-2-173 
by digital computer, 28-4-197, 

34-4-60 
Dirac impulse in analysis, 28-1-130 
of earthquakes, 28-1-44, 29-3-162 
elementary considerations, 34-3-211 
for general forcing function, 33-2-211 
graphical computation, 25-2-188 
of ground shock, 28-1-66; 28-3-216; 

29-3-324; 32-2-169; 32-3-3, 74 
during gunfire, 34-1-85 
of half-sine pulse, 31-2-233, 34-3-223 
mathematical analysis, 25-2-142 
as measure of shock severity, 

25-2-230, 35-5-142 
measurement, 26-1-9 
in nonlinear systems 
analog computer in study, 

35-6-197 
technique, 35-7-253 

from nuclear explosions, 28-1-34, 
28-2-20, 30-1-108, 32-1-108 

of parabolic cusp pulse, 31-2-233 
with peaks and notches, 35-6-192 
practical variations, 34-3-223 
of pyrotechnic shock, 33-4-67; 

34-3-268; 35-6-163, 315 
of railroad humping, 30-3-138 
residual, related to Fourier integral 

spectra, 29-4-408 
at Sage facility, 29-2-24 
of sawtooth pulse, 25-2-137, 34-3-223 
of seismic explosions, 29-3-305 
for ship and submarine design, 

30-1-96 
of shipboard shock, 33-1-35 
from shock machines, 30-1-136; 

32-3-30,38; 35-1-101 
simulation on electrodynamic shak- 

ers, 33-3-85 
from step pulses, 35-6-193 
from surface explosions, 28-3-1 
theory and application, 25-2-183 
for Titan hard base design, 28-3-272 
of torpedo water entry, 26-2-26 
of TOW missile, 34-1-153 
transients defined by, 35-6-249 
of truck environment, 35-5-24 
of underground structures, 28-1-75, 

29-3-124 
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Shock spectra—Continued 
of underwater explosions, 26-1-89, 

27-1-67, 30-1-65, 34-1-13 

Shock test facilities 
air gun for, 29-4-84, 35-6-119 
air shock tube, 28-4-94 
barge for, 30-1-88 
cantilever beam for, 28-4-87 
design, 35-3-243 
fixtures for 

characteristics, 27-4-26 
mechanical design, 27-1-116 

floating platforms, 29-1-12, 30-1-140, 
33-2-150 

sand-drop impact used in, 29-4-43 
shock-shaker for, design, 30-5-12 
shock tubes 

conical shock waves from, 
28-3-123 

for loading of soils, 29-3-40 
piezoelectric force gage used 

with, 28-3-48 
protective structures studied by, 

32-3-220 
for simulation 

of blast effects, 28-3-123 
of dynamic environment, 

35-1-81 
to simulate railcar impact, 30-3-138 
sling shot water entry, 26-2-21 
underwater explosions used in, 

29-1-12 

Shock test machines, see also High impact 
shock machines and Hyge shock testers 

calibration, 28-4-218 
characteristics, 35-6-209 
drop test 

hydraulic programmer used with, 
34-3-335 

for package cushioning, 30-3-87 
hand held, 34-3-329 
mechanical, pulse shapes by, 

35-6-209 
programmer, 34-3-335 
sand-drop, 29-4-43 

modifications, 35-6-11 
sawtooth, development, 25-2-137 
shock springs for pulse shaping on, 

35-6-23 
slingshot, shock cord for, 35-6-11 
spectra, 30-1-136, 33-1-42 

Shock tests 
of Atlas silo, 29-3- 348 

double-force programmer for, 
35-6-149 

by electrodynamic shakers, 28-4-101; 
29-4-96; 33-3-85; 34-3-345; 
35-6-41, 111, 163 

with explosive gases, 34-3-311 
with explosives, 35-6-69 
of full-scale ship structures, 27-1-45 
and instrumentation related to saw- 

tooth pulse, 28-4-218 
from measured environments, 

31-2-25 
methods, related to test specification, 

31-2-224 
optimum selection, 31-2-88 
philosophy, 27-1-3 
of Polaris system, 30-1-108 
Primacord in, 35-6-83 
response spectra in, 35-6-163 
scaling laws for, 35-1-13 
of shipboard equipment, 34-1-5 
on ships and submarines, 29-1-5, 

30-1-80 
simulated deck for, 35-1-1 
for simulation 

of random vibration, 35-6-1 
of reentry, 35-6-55 

of sonar transducers, 35-1-23 
specification, 31-2-224 

with acceleration pulses, 35-6-173 
by shock spectra, 35-6-185 

of toroidal shock absorbers, 34-1-111 
with vibration systems, 34-3-355 
x-ray testing in, 35-1-81 

Shock tubes, see Shock test facilities 

Shock waves, see also Blast waves 
in air, square wave shock by, 

28-4-94 
analysis, 28-4-277 
from chemical explosions, recording 

by optical systems, 28-3-59 
from conical shock tubes, 28-3-123 
Duhamel integral in study, 29-3-115 
pressure from, at pressure hull, 

34-1-53 
propagation 

analysis by Rankine-Hugoniot 
equations, 28-3-69 

in soils, model for study, 
35-5-321 

through materials, 35-3-73 
in rock, 29-3-136 
in soils, 28-3-1; 29-3-57,100 
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Shock waves-Continued 
time-of-arrival detector for, 

32-2-141 
from underwater explosion, 33-1-57 

Signal detection using impulse crosscor- 
relation, 35-4-105 

Silencing, see Submarines 

Silica glass, Rankine-Hugoniot curves for, 
29-3-76 

Silicon, piezoresistive effect, 26-2-102 

Silicone foam, characteristics, 30-3-106 

Silos, see also Hardened sites 
acoustical measurements in, 29-1-65 
for Atlas, 28-2-33 
and cribs, design, 28-3-216 
door for, dynamic analysis, 29-3-332 
hardening, 28-1-84 
launch from, missile noise during, 

30-4-187 
noise in, 29-4-326 
for Titan, shock isolation in, 32-3-74 

Simulation, see effect or environment 
simulated 

Single-degree-of-freedom systems, re- 
sponse to exponential sweep rates, 
33-2-2 

Sinusoidal vibration 
advantages, 33-3-195 
dwell and cycling, damage potential, 

33-3-113 
matrix methods in study, 34-3-139 • 
modulated 

Rayleigh distribution, 28-4-118 
response to, 28-4-117        . 

multiplication of signals, 35-2-113 
and random vibration 

analysis, 29-4-153 
damage correlation, 27-2-139, 

30-4-128, 33-2-279, 33-3-165 
equalization for tests, 33-3-101 
equivalence, 27-2-142, 29-4-218 
equivalent test for, 34-2-137 
response to, 34-5-103 

response to, 31-3-127 
during sweep, 35-4-151 
of free-free beam, 29-4-32 

substitute for random vibration, 
28-4-114, 29-4-1 

sweep rate, 28-4-225, 35-2-231 
testing of nonlinear structures by, 

33-3-195 
work performed during sweep, 

29-4-218 

Sirens, see Acoustic test facilities 

Skybolt missiles 
flight vibration, 33-3-231 
prediction techniques applied to, 

33-3-231 

Slamming of ships, 34-4-205 

Slippery tables, see Auxiliary vibration 
tables 

Slope errors of power spectral density, 
35-4-135 

Sloshing in Saturn vehicle, 30-4-75 

S-N curves 
of aluminum alloys, 25-2-47; 

29-4-256; 34-2-159, 267 
of MIL-S-16113B material, 25-2-238 
of steel, 29-4-223,256; 34-2-159 

Snark missiles, 25-2-191, 27-2-67, 
28-4-20 

acoustic environment, 25-2-117, 
27-2-185 

acoustic tests, 31-3-1 
sound pressure level, 28-4-25 
vibration environment, 25-2-117 

Soil 
bearing capacity, 32-3-188 
displacement 

induced by air blast, 29-3-145 
above yielding structures, 

28-3-36 
dynamics, related to protective con- 

struction, 29-3-93 
effect of viscosity on, 32-2-107 
elasticity effect on stress waves, 

32-2-107 
equations of state, 29-3-76 

of tuff, 29-3-1 
models in study of shock propagation, 

35-5-321 
modulus of elasticity, 28-3-269 
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Soil—Continued 
overpressure effects on, 29-3-192, 

32-2-124 
particle velocity for tuff, 32-2-1 
radiographic observation of phenom- 

ena, 32-2-86 
shock waves in, 29-3-57,100 
stress-strain characteristics, 

29-3-57,96,305 
stress waves in, 32-2-107 

instrumentation to measure, 
28-3-87; 29-3-57,338 

testing 
by nuclear blast simulator, 

28-3-146 
by shock tube loading, 29-3-40 

Soil-structure interaction 
of arches under blast loading, 

32-3-159 
of shells, 29-3-126 

Solar radiation 
simulation, 30-5-125 
in space, 30-5-105 

Solid propellants 
accelerometer embedment in, 

33-3-27, 34-1-203 
analysis of resonant burning in, 

26-2-209 
for ASROC missiles, testing, 31-1-74 
dynamic properties, 33-4-171 
flow, interaction with vibration, 

35-1-41 

Sonance, definition, 26-2-210 

Sound pressure levels 
acceleration produced by, 25-2-1 
on aircraft structures, effect, 25-2-18 
of B-52 aircraft, 28-4-1 
correlograms, 28-4-177 
effect of flame Inhibitor on, 25-2-15 
of large missiles, survey by cross- 

correlation techniques, 26-2-314 
of liquid-fueled rocket engines, 

25-1-8 
in Minuteman silos, 29-1-65 
of missiles, 30-5-37, 31-3-27, 

33-3-236 
in Regulus I missile, 25-1-3 
of Saturn at static firing, 33-2-113 
of Snark missiles, 28-4-25 
spectra of jet engine, 26-2-295 

of Tartar missile, 25-1-60, 29-1-79 
from underground launch of missile, 

29-4-351 

Space chambers 
simulation problems in, 27-3-209, 

30-5-105 
survey, 30-5-1 

Space environment 
aging effect in, 30-1-55 
characteristics, 30-5-105 
of scientific satellites, 30-5-75 

Space vehicles, see Spacecraft 

Spacecraft, see also specific spacecraft 
such as Gemini spacecraft and Mariner 
spacecraft 

design factors for, 35-5-271 
docking 

shock during, 35-6-105 
tests with models, 33-3-97 

engine-structural coupling in, 
33-4-179 

equipment, for high shock, 35-3-243 
modeling for noise reduction, 

35-5-235 
orbital vibration effects on experi- 

ments, 35-7-87 
propellant behavior in tanks, 30-4-75 
response to vibration, 31-2-236 
shock in, by explosive devices, 

34-3-259 
simulation of environment, 31-2-12 
structures 

damping in, 34-2-16 
design for vibration and acous- 

tics, 33-4-201 
force transmissibility in, 

«        35-7-205 
mathematical model, 35-3-95 
mechanical impedance, 31-2-236, 

34-3-15 
shock response spectra, 35-6-331 
testing, 33-3-195 
vibration in, 30-4-163 

transportation environment, 35-5-21 
vibration 

prediction. 29-4-336, 33-1-15, 
35-2-79, 35-7-67 

related to qualification testing, 
35-2-203 
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Spalling 
analysis of threshold, 28-2-79 
theory, 29-3-227 

related to explosive shock, 
28-2-72 

in tunnels, 29-3-175 

Sparrow missiles, 25-1-1 
flight vibration due to motor ignition 

shock, 29-1-92 

Spatial correlation in acoustic tests, 
31-3-63 

Specification requirements 
environmental factors related to, 

31-2-287 
from field data, 33-3-211 
of inertial equipment, 35-5-261 
measured vibrations related to, 

31-2-49, 33-3-179 
in United Kingdom, 34-1-131 
using response spectrum, 35-6-163 
from vibration data, 33-3-179 
vibration measurements translated 

to, 33-3-159 

Specifications, see also Standards, Shock 
specifications and Vibration specifica- 
tions 

JANS-44, 28-4-87 
MIL-C-172c, 34-3-177 
MIL-C-26861, 30-3-66 
MIL-E-1, 25-2-292 
MIL-E-4970, 31-2-64 
MIL-E-5272, 25-2-170 

applied to Hound Dog missiles, 
28-1-187 

MIL-E-5400, 25-2-221 
MIL-P-116, 34-4-261 
MIL-P-7936, 34-4-261 
MIL-S-901, 29-1-5 
MIL-S-901B, 27-1-116 
MIL-S-Ö01C, 30-1-131, 35-1-1 
MIL-STD-167, 31-1-1, 34-5-145 
MIL-STD-810, 34-4-263, 35-5-129 

background, 31-2-34 
MIL-T-18404, 26-2-27 
MIL-T-23103 (WEP), background, 

31-2-38 
philosophy, 25-2-67 
problems, 34-4-133 

panel discussion, 31-2-287, 
34-4-153 

of random vibration tests for iso- 
lators, 29-4-106 

related to containers, 30-3-57 
vibration data to develop, 34-4-137 
for vibration tests, 33-3-203, 

34-4-200 
writer's viewpoint, 27-4-92 

Spectra, see specific types such as Fou- 
rier spectra. Proximity spectra, and 
Shock spectra 

Spectral analysis 
airborne instrumentation for, 

31-3-150 
and correlation of time-varying data, 

26-2-237 
spectrograms 

of complex waves, 27-2-140 
showing three-dimensional plot 

of missile noise, 25-2-117 
using filters, 33-2-273 

Spectral analyzers 
for acoustic data, 31-3-240 
evaluation, 25-1-159 
for shock environment, 29-4-138 

Spectral synthesizers for acoustic testing, 
27-2-219, 31-2-123 

Spoilers 
aerodynamic, to reduce shock loads, 

32-2-151 
vortex, on missile models, 26-2-171 

Springs, see dpeciuc types such as Liquid 
springs, Nonlinear springs and Pneu- 
matic springs 

Stability, see Beams 

Stable platform 
effect of random vibration on, 

27-2-147 
motions, mathematical analysis, 

27-2-147 

Stagnation enthalpy of plasma jet, 27-2-22 

Stagnation pressure of hypersonic body, 
27-2-23 

Standards, see also Specifications 
for data acquisition, 31-3-254 
for environmental testing, 31-2-34 
of equalization accuracy and cross- 

talk, 33-3-219 
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Standards—Continued 
for shock tests, 35-6-173 
of vibration tests, 33-3-200,203,219 

Static analysis, matrix-force method, 
34-2-121 

Static firing tests 
compared with flight vibration, 

25-1-67 
of missiles 

facility for, 25-1-79 
noise, 25-1-52 

of rocket motors, test fixture lor, 
28-4-165 

for Saturn, 30-4-6, 85 
sound pressure level at, 33-2-113 

stand for 
for high-altitude testing, 25-1-84 
with soft mount, 25-1-79 

of Titan missile, 31-2-98 
of weapons systems, 27-3-52 

Statistical analysis 
of combined environmental testing, 

27-3-152 
data reduction by, 25-2-129 
of electron tube test data, 25-2-293 
of environmental criteria and safety 

factor, 29-4-274 
in estimating techniques, 28-4-1 
of experiments, 26-2-34 
of rough handling, 25-2-103 
of spectral density function, 26-2-257 
of vibration data, 29-1-120, 29-4-120, 

31-3-195, 33-1-1, 34-4-148 

Steel 
and aluminum, S-N curve, 29-4-256 
brittle fracture, 28-4-273 
fatigue curves for, 35-5-271 

Stiffness matrix 
for ring segment, 35-7-149 
in study of elastic model, 35-3-149 

Storage temperatures in the world, 
31-3-278 

Strain gages 
on elastic structures to measure 

transient loads, 33-3-63 
to obtain vibration modes, 25-2-283 

Strain rate, effect on yield stress, 
33-4-141 

Strain sampling as measure of environ- 
ment severity, 25-2-221 

Stress, see also Critical stress 
analysis, of structures, 34-2-167 
concentration 

in rock cavities, 32-2-55 
in vibration specimens, 35-5-271 

power spectra, related to fatigue life, 
29-4-253 

in rock due to blast, 32-2-8 
rupture curves for stainless steel, 

27-2-3 
in soil, instrumentation to measure, 

29-3-338 
near underground shelters, 32-2-55 
waves 

propagation in locking media, 
29-3-30 

in soil, 32-2-107 

Stress law in study of cushioning mate- 
rials, 28-4-65 

Stress-strain 
analysis at tunnel boundary, 29-3-112 
characteristics of soil, 29-3-96 
curves 

of cushioning materials, 
25-2-315,327 

dynamic measurement, 25-2-144 
for polystyrene foam, 32-3-12 
of polyurethane foam, 28-3-122 
for soil, 29-3-305 
for vermiculite concrete, 32-3-12 

relationships of soils, 29-3-57 

Strouhal's number, graph, 26-2-172 

Structural analysis 
of cylindrical shells, 35-3-1 
of Pegasus, 34-2-27 
sonic testing in, 31-2-181 
of truss structure, 34-2-113 

Structural damping, see also Damping 
modal response of resonant beam 

with, 35-7-231 
in panels, 25-2-48, 26-2-278   - 
in ships, 33-4-43 — 
in spacecraft, 34-2-16 

Structural design 
for acoustic environment, 25-1-42 
of AOSO, 35-2-203 
of arches and domes, 28-1-63 
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Structural design—Continued 
severity factor in study, 25-2-221 
using viscoelastic laminates, 

34-5-205, 35-7-239 

Structural feedback 
analysis, 26-1-51 
equations, 27-4-4 
of Saturn, 34-2-197 
of Thor, 34-2-177 

Structural response, see Response 

Structural vibration 
digital computer in study, 34-2-27 
modal density in study, 31-3-12 
in Naval aircraft, 25-1-127 
related to acoustic noise, 28-4-1 
in space vehicles, 30-4-163 

Structures, see also specific types such 
as Aboveground structures. Protective 
structures, and Aircraft 

acoustic tests, 29-4-317 
apparent mass, 34-3-84 
apparent weight, 34-3-15 
design 

by impedance methods, 34-1-67 
using viscoelastic materials, 

34-5-211 
dynamic tests, theory, 35-2-1 
dynamics, direct stiffness method in 

study, 35-3-149 
fatigue life, prediction, 34-2-159 
ground shock effect on, 29-3-100 
internal dynamics, measurement, 

35-4-11 
metal, vibrational energy losses at 

joints in, 33-4-189 
mobility, by correlation techniques, 

35-7-101 
models 

in acoustic fatigue studies, 
30-4-140 

and influence coefficients in dy- 
namic analysis, 34-2-159 

noise and vibration transmission 
through, 33-2-26 

resonance and control loop, dynamic 
coupling between, 35-3-169 

stiffness, model tests to determine, 
28-1-155 

Thevenln theorem in study, 34-3-79 
vibrating 

material damping in, 34-5-177 
pressure effects on damping, 

34-5-197 

vibration fatigue in, 30-4-180, 
35-5-271 

vibration transmission through, 
33-2-13 

with viscoelastic damping, charac- 
teristics, 34-5-155 

Subharmonic response of elastic beam, 
34-2-19 

Submarines, see also Pressure hulls and 
Ships 

damage, from underwater explosion, 
34-1-53 

motion 
digital computer in study, 

29-1-32 
from nuclear detonation, 

26-1-79,106 
OBDURATE, 34-1-5 
response to underwater shock, 

33-1-64 
shock design for, under explosive 

attack, 34-1-53 
shock environment while under attack, 

33-1-57 
shock reduction on board, 34-1-1 
shock spectra for design, 30-1-96 
shock tests on, 29-1-5, 30-1-80 
silencing, by noise monitoring, 

34-1-79 
SSGN, 26-1-106 
ULUA (SS 428), 35-1-23 
USS Albacore (AGSS 569), 29-1-39 
USS George Washington, 29-1-39 
vibration 

from maneuvers, 26-1-106 
monitoring, 34-1-79 
survey, 29-1-39, 31-1-1 

Superposition techniques, response of 
structures by, 35-7-197 

Supersonic flight, noise sources, 28-4-48 

Supersonic flow, acoustic level in, 35-7-19 

Supersonic test tracks, see also Rocket- 
propelled sleds 

characteristics, 27-3-1,13 
Holloman track, combined environ- 

mental testing on, 31-2-194 
SNORT 

characteristics, 27-3-30 
vibration, 34-2-51 
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Surveyor spacecraft, 35-2-49 
design loads for, 35-3-95 

Survival, see Weapon systems, survival 
and Vulnerability 

Suspension systems 
design, 31-2-245, 34-3-193 
for vibration testing of launch vehi- 

cles, 35-2-191 
zero spring rate, 33-3-97 

Synergetic effects of combined environ- 
ments, 27-3-165, 35-2-97 

Systems, see also specific types such as 
Multi-degree-of-freedom systems. 
Suspension systems, and Weapons 
systems 

development, testing philosophy, 
31-2-137 

evaluation, by laboratory tests, 
31-2-137 

reliability, vibration control for, 
29-4-241 

resonance, as function of vibration 
test parameters, 34-5-145 

tests 
vs component testing, 31-2-273 
on dynamic restraints, 27-3-52 

T-38 aircraft, 28-4-20 

Talos missiles, 34-2-213 
aerodynamic heating, 26-1-29 
flight vibration environment, 30-1-165 
response 

to hard-target impact, 34-1-141 
to shock, 33-2-150 

Tanks, see Fuel tanks and Tracked 
vehicles 

Tartar missiles, 26-1-51, 94 
acoustic environment, 25-1-60, 

29-1-79 
magazine and launcher, 27-1-110 
near-miss shock test, 28-1-175 

Taylor's theory, hull motion from, 
34-1-14 

Telemetry 
clevis for, in study of parachute de- 

livery, 30-3-327 

errors in systems, 34-4-67 
of flight vibration, 31-3-150 
IRIG standards and FM constant de- 

viation, 34-4-63 
of missile vibration, limitations of 

IRIG standards, 26-2-96 
recorders compared with, 35-1-29 
standards, for vibration measure- 

ments, 34-4-63 
systems 

PCM, sample rate, 34-4-107 
for Saturn, 30-4-1 

tutorial discussion, 34-5-15 

Telephone lines 
glaze on, 31-3-278 
and power lines, von Karman vortex 

in study, 26-2-178 

Temperature, see High temperature and 
Low temperature 

Temperature chambers 
design of temperature controller for, 

34-5-149 
for high-altitude simulation, 27-3-199 
push rods in, 27-3-130 
vibration test stand for use in, 

33-3-149 

Temperature measurements by Thermo- 
color, 26-1-29 

Temperature transients 
effects on accelerometer sensitivity, 

35-4-37 
measurement, 28-4-202 

Terrain roughness measured by profi- 
lometer, 30-3-8 

Terrier missiles, 26-1-51,94 
shipping container for, 30-3-185 

Test criteria 
for jet aircraft equipment, 34-4-137 
from measured data, 34-4-200 

Test facilities, see also Acoustic test 
facilities and Shock test facilities 

blast load generator, 28-1-116 
combined environment, 27-3-135,145; 

28-4-131 
floating platform used as, 33-2-150 
high altitude temperature, 27-3-199 
for high temperature vibration tests, 

33-3-137 
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Test facilities—Continued 
multi-environment equipment for, 

35-2-97 
at NASA Langley, 31-2-12 
for Polaris support system, 27-1-123 
for shock absorbers, 30-1-119 
for simulation of radiation environ- 

ment, 30-1-24 
for space simulation, 27-3-209 
for vehicles at Aberdeen Proving 

Grounds, 26-2-61 
water-impact, 28-4-125,143 

Test programs 
for guided missiles, 27-2-59 
of hardsite system, 29-3-348 
for missile components, 27-3-152 
for Nike-Zeus missiles, 31-1-21 
of Polaris support systems, 27-1-123 
test-to-failure concept in, 27-3-165 
use of noise in, 27-2-211 
vulnerability concept in, 29-1-110 

Test tracks, see Supersonic test tracks 

Tests, see also specific types such as 
Dynamic tests. Environmental tests, 
and Vibration tests 

on AGE equipment, procedures, 
34-5-255 

of developmental systems, philosophy, 
31-2-137 

to failure and failure analysis in re- 
liability program, 33-3-189 

fatigue failure in development, 
35-5-37 

of feasibility of underground struc- 
tures, 28-3-233 

with influence coefficients in study of 
wing vibration, 27-2-90 

levels, from field data, 29-4-359 
in multi-directions, 31-2-172 
panel session on philosophy, 31-2-273 
with pneumatic actuator, 34-3-275 
of randomness, autocorrelation func- 

tions in, 31-3-195 
systems, for transportation environ- 

ment, 33-4-83 
thermal, of electronic equipment, 

31-2-38 
underwater explosion, 27-1-45 
of weapons systems, planning, 

29-4-66 

Thermal environment of reentry simula- 
tion, 27-2-4 

Thermal insulation, fixtures providing, 
34-5-267 

Thermal power, transducer for, 28-4-202 

Thermal shock, characteristics, 25-2-70 

Thermal-vacuum tests 
techniques, 30-5-1 
of transit satellite, 29-4-52 

Thevenin theorem in study of structures, 
34-3-79 

Thor missiles 
flight vibration data compared with 

vibration survey, 33-2-47 
guidance section, combined environ- 

mental tests, 27-3-128 
isolation of hardened site for, 

28-1-84 
longitudinal oscillation, 34-2-177 

Three-axis tests, see Multi-axis tests 

Thrust 
build-up of Saturn vehicle, 30-4-85 
gage, response to forcing function, 

26-2-88 
measuring instrument, cantilever 

beam a«, 26-2-75 
vs nozzle diameter, 31-3-31 

Time compression, delay lines for, 
35-4-218 

Time series, trend removal from, 
26-2-243 

Time-varying data, correlation and spec- 
tral analysis, 26-2-237 

Tiros spacecraft, 34-3-22 

Titan missiles, 28-3-175, 30-1-199, 
30-4-187, 31-3-150, 32-3-115, 33-2-89, 
34-1-163 

acoustic environment, 31-3-12, 
35-7-1 

acoustic problems of underground 
launching, 29-4-317 

captive firing, 31-2-98 
prediction of vibration environment, 

29-4-327 
response to ground shock, 31-2-119 
self-induced oscillations, 26-2-180 
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Titan missiles—Continued 
shock isolation, 32-3-74 
vibration spectra, 33-3-231 

TNT, see Explosives 

Toggle vibrators, equations of motion, 
27-3-108 

Toroidal shock absorbers, see Shock 
isolators 

Torpedoes 
Mk 43, Mod 1, 26-2-22 
sound radiation from, 26-2-206 
water entry, shock spectra, 26-2-26 

Torsional vibration 
of Saturn, 30-4-56,61 
shear modulus from, 35-7-261 

TOW missiles, launch environment, 
34-1-153 

Towers, design for blast resistance, 
28-3-210 

Track sleds, see Rocket-propelled sleds 

Tracked vehicles, see also Armored ve- 
hicles and Battlefield vehicles 

acceleration spectral density, 
35-5-115 

road noise, 30-1-193 
Sheridan tanks, vibration in, 34-1-85 

Tracking filters 
for changing conditions, 35-2-107 
in random tests, 35-2-41 

Tracking rate, frequency error, 35-2-114 

Trailing wire instrumentation in study of 
missile environment, 25-2-126 

Transducers, see also Accelerometers 
and Displacement gages 

in development of package shock re- 
corder, 25-2-110 

electro-pneumatic, 31-2-181 
isolated, elimination of ground loops 

by coupler, 27-3-211 
placement on Saturn vehicles, 30-4-11 
response to applied torque, mounting 

technique related to, 33-3-13 
for shock velocity, 33-3-57 

sonar, shock testing, 35-1-23 
for thermal power, 28-4-202 

Transfer functions 
analog computer in study, 25-2-253 
Fourier transform method of obtain- 

ing, 25-2-253 
Guillemin's impulse method, 25-2-253 
mathematical analysis, 25-2-247 
Nixon's slope method of obtaining, 

25-2-253 
transient response of elastic sys- 

tems by, 35-3-187 

Transfer impedance of isolation devices, 
34-3-135 

Transforms, see cis-hyperbolic trans- 
forms and Fourier transforms 

Transient data 
analysis, 25-2-253, 34-4-55 
digital computer handling, 28-4-197 
distortion compensation, 35-4-231 

Transient loads, see Shock loads 

Transient response, see Response 

Transit satellites navigational system, 
thermal-vacuum test, 29-4-52 

Transmissibility, see also Force trans- 
missibility 

automatic plotters, 29-4-191 
of cushioning materials, 30-3-66 
of damped plates, 34-5-166 
of damped single systems, 30-3-227 
of friction damped systems, 35-5-182 
of isolation systems, 35-5-227 
of multi-resonant systems, 26-2-203 
tests 

of Bullpup missiles, 31-1-83 
of missiles, 26-2-10 

with vibration absorbers, 28-4-57 

Transportation environment 
Army position on criteria, 34-4-243 
of containers, 34-4-263 
data analysis, 35-5-115 
definition, 30-3-27 
effect on failure, 27-4-106 
of instrument trailers, 26-2-49 
instrumentation for, 30-3-111, 

34-4-255 
laboratory tests from, 35-5-37 
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Transportation environment—Continued 
panel on, 30-3-339 
of road trailer, 30-3-240 
of rocket motors, data on, 35-5-87 
of Saturn missile, 33-4-111 
shock 

on commercial carriers, 
34-4-259 

Impact-O-Graph in studv. 
25-2-103 

and vibration, 26-2-56, 34-4-243 
shock velocity recorder for, 33-3-57 
of spacecraft, 35-5-21 
survey, 26-2-56 
test system for, 33-4-83 
tests 

development, 30-3-111 
instrumentation for, 35-5-32, 57 
of Minuteman missile, 30-1-211 

of trucks, 30-3-36,45; 31-1-51 
vibration, 34-1-85, 34-4-243 
vibration tests, 27-3-189 

basis for specification, 30-3-122 
specifications on, 35-5-129 

TREE related to military electronics, 
30-1-8 

Trucks 
transportation environment, 

30-3-36,45; 31-1-51 
data on, 31-3-81; 35-5-37, 57 
field measurements, 33-4-99 
on rough roads, 35-5-21 
shock spectra, 35-5-24 
study, 31-3-102 
survey, 35-5-1 

vibration, road conditions influence 
on, 30-3-36 

Tunnels 
adjacent stress, 32-2-55 
blast loads in, 28-3-129 
design, 28-3-223 
distortion due to blast loads, 32-2-92 
nuclear detonation effect on, 29-3-112 
response to explosions, 32-1-91 
in Sage facility, 29-2-11 
shock isolation in, 29-3-310 
shock pressures in, due to nuclear 

detonation, 28-3-14 
shock spectra, 29-3-124 
spalling, 29-3-175 
survival, 28-3-245 
to underground structures, 32-1-138 

Turbulence, aerodynamic, as source of 
vibration, 31-1-48 

Turner's method of obtaining wing vibra- 
tion, 27-2-81 

Two-degree-of-freedom systems, re- 
sponse to random excitation, 28-4-232 

U 

Underground structures, see Protective 
structures 

Underwater explosions 
damage due to, 29-1-5 

on submarines, 34-1-53 
pffpcts 

on ships, 26-1-71,84; 27-1-45 
on Talos missiles, 33-2-150 

missile launcher shock due to, 
26-1-100 

of Operation Hardtack, 27-1-61 
pressure wave, 25-1-185 
shipboard shock from, 30-1-65; 

35-1-1,101 
shock environment from, 34-1-13 
shock response to, 34-1-5 
shock specifications for, 35-1-23 
shock test facility using, 29-1-12 
shock wave due to, 33-1-57 
submarine shock from, 26-1-106, 

28-1-147 

Urethane materials, damping, 35-5-159 

V 

Vacuum 
accelerometer mounts, in vibration 

tests, 34-1-181 
pumps, for space chambers, 30-5-105 
survey of test chambers, 30-5-1 
techniques, fixture attachment by, 

31-2-189 
vibration of sandwich panels in, 

35-2-131 

Vacuum tubes 
noise in, 30-4-114 
output due to noise environment, 

25-2-34 
proposed standard test for, 25-2-292 
response to noise, 25-2-63 
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Vanguard missiles, von Karman vortex 
forces on, 26-2-171 

Vehicles, see also specific types such as 
Battlefield vehicles, Tracked vehicles, 
and Trucks 

development, instrumentation in, 
31-3-167 

dynamics, analog computer in study, 
30-3-243 

environment of Munson test area, 
26-2-49 

identification, by acoustic techniques, 
34-1-103 

mathematical models, 35-5-71 
military 

noise and vibration reduction in, 
34-2-271 

vibration and shock in, 30-3-36 
motion 

analog computer in study, 
33-4-84 

simulation, 30-5-61 
personnel carriers, dynamic environ- 

ment, 35-5-115 
predicting vibration levels in, 28-4-1 
shock and vibration environment, 

26-2-56, 31-3-301 
vibration environment on paved roads, 

33-4-95 

Velocity 
change in, of water entry shock, 

26-2-28 
measurement, by photovoltaic diodes, 

35-6-11 

Velocity gages used in shipboard shock 
tests, 29-1-12 

Velocity generators, waterjet actuators, 
for sled tests, 35-6-47 

Vermiculite, shock mitigating character- 
istics, 32-3-12 

Vibration, see also specific types such as 
Flight vibration. Random vibration, and 
Shipboard vibration 

and acceleration combined, 27-3-135, 
145 

by acoustic coupling, 35-7-31 
acoustic environment simulated by, 

34-5-83 
and acoustics, equivalence, 30-4-103 
from aerodynamic turbulence, 31-1-48 

of armored vehicles, 35-5-115 
of ASROC torpedo motor, 31-1-74 
axial, of missiles, design problems 

due to, 33-4-179 
bending, of Saturn vehicle, 30-4-61 
at boost phase, prediction, 35-7-25, 

31 
characteristics 

of low aspect ratio wing. 27-2-81 
of missile structures, 26-1-51 

component analyzer, in modal analy- 
sis, 29-4-38 

control 
with fiber metallurgy, 35-7-261 
for system reliability, 29-4-241 

critique of simulation, 28-4-157 
cumulative damage due to, 25-1-165, 

25-2-200 
damping 

in structures, pressure effects 
on, 34-5-197 

with vibration absorber, 28-4-60 
of viscoelastic materials, 

35-5-159 
design cf space vehicle structures 

for, 33-4-201 
effects 

on guidance system, 27-2-67 
on gyros, 26-1-43 

energy dissipation in damper by 
viscoelastic suspension, 35-7-213 

energy losses from, at joints in metal 
structures, 33-4-189 

equipment design with respect to, 
25-1-120 

fatigue due to 
of cantilever beams, 31-3-32 
decision theory in study, 

35-5-307 
in structures, 30-4-180 

feedback, analog computer in study, 
35-1-41 

fragility, in design of equipment, 
25-2-191 

human response to, 34-4-173 
interaction, of foundation and piping, 

29-4-307 
levels 

in F-lll aircraft, prediction, 
33-2-34 

of large missiles, 25-1-67 
in vehicles, prediction, 28-4-1 

logarithmic sweep, response of 
structures to, 35-2-231 

longitudinal 
in missile system, 35-1-41 
of Thor booster, 34-2-177 
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Vibration—Continued 
low-impedance coupler, 27-3-211 
low-level, measurement, 27-4-79, 

34-5-141 
in low-level flight, 34-3-169 
mass effect on frequency, 31-2-216 
microwave equipment sensitivity to, 

34-2-129 
oi military vehicles, 30-3-36 
of multilayer shells under dynamic 

loads, 35-3-27 
and noise, correlation, 33-2-84 
of plates and boxes, effect of varying 

altitude on, 30-5-116 
predicted, vs measured vibration, 

33-2-102, 33-3-231 
prediction, 35-5-310 
probability of survival of missiles in, 

26-2-39 
problem, in astroinertial guidance, 

35-3-169 
program, of Nike-Zeus missile, 

review, 31-1-21 
radiant heat combined with, 26-1-24 
reduction 

in military vehicles, 34-2-271 
vibration absorber in, 33-4-149 

response of vibrating systems to 
frequency variations, 29-4-197 

rocket component response to, pre- 
diction, 35-3-21 

of Saturn 
characteristics of scale model, 

30-4-30 
at low frequency, 34-2-197 
prediction, 30-4-24 

self-induced 
impedance measurements in 

study, 34-3-101 
of Titan and Redstone missiles, 

26-2-180 
sensitivity 

fingerprinting in study, 27-2-98 
of instruments to, 35-7-87 

severity, assessment, 26-2-259 
technology, reflections on, 33-2-8 
of Titan, prediction, 29-4-327 
transient, ballistic pulsers in study, 

35-2-221 
transmission 

through structures, 33-2-13, 26 
by viscoelastic layers, 34-5-99 

transonic 
prediction, 35-7-3 
of Ranger spacecraft, 35-2-75 

Vibration absorbers, see also Vibration 
isolators 

active, rotor unbalance reduced by, 
33-4-149 

damped, equations of motion, 28-4-57 
response to white noise, 28-4-232 
for ships, design, 33-4-1 

Vibration analysis, 25-1-151 
of accordion mode, 35-3-107 
accuracy, 29-4-113 
of cluster beam, 33-2-131 
of combination of random and sinus- 

oidal vibration, 29-4-153 
component analyzer in, 33-2-264 
by computers, 35-4-193 
of field data, 31-2-202 
on inertial platform for Gemini, 

35-7-55 
by mechanical impedance techniques, 

33-4-17 
of missile transporter, 30-3-243 
of multiple-tank missile, 29-4-233 
by Rayspan analyzer, 26-1-33 
of scale model of Nimbus spacecraft, 

33-2-57 
of Sergeant flight, 26-1-61 
of SNORT test track, 34-2-51 
of stresses in rotor blades, 35-2-263 
using autocorrelation function, 

33-2-305 

Vibration data 
acquisition, 31-3-254 
analysis, 26-2-231, 31-2-49, 33-1-71 

by computer, 29-4-126; 31-3-225; 
35-4-151,193,223 

crosscorrelation function in, 
33-2-286 

design improvements by, 34-1-27 
quick-look technique, 29-4-179 
un ships, 33-2-243 

analyzer for, 31-3-232,240 
from Athena booster, 35-6-353 
on ballistic missiles during reentry, 

35-7-9 
environmental specifications devel- 

oped from, 31-2-49, 33-3-179, 
34-4-137 

of HiBex missiles, 35-7-25 
in laboratory tests, 33-3-159 
from land shipments, 33-4-99 
levels for Saturn launch vehicle, 

33-2-102 
of Mercury-Redstone vehicles, 

30-5-132 
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Vibration data—Continued 
nodes and antinodes in study, 

33-3-211 
nonstationary, analysis techniques, 

33-2-259 
panel discussion, 28-4-256 
power spectral density analysis, 

29-4-183 
of ramjet vehicle, 26-2-7 
reduction, for Saturn vehicle, 30-4-16 
in Regulus I missiles, 25-1-4 
of rocket-propelled sleds, 27-3-30 
of Sergeani missiles, 26-1-61, 

27-1-133 
of ships, 26-1-94, 29-1-39, 34-4-115 
of Snark missiles, 25-2-117 
from solid propellant motor, 26-1-61 
statistical techniques in study, 

29-4-120, 31-3-195 
of submarines, survey, 29-1-39, 

31-1-1 
of supersonic track sleds, 27-3-1 
of Thor vehicles, comparison during 

prelaunch and flight, 33-2-47 
in transportation media, 26-2-56 
of vehicles on paved roads, 33-4-95 
wave analyzer in analysis, 25-1-159 
for wheeled vehicles, 30-3-45 

Vibration exciters 
attachments for portable cases, 

34-5-255 
characteristics, 30-3-122 

in random testing, 27-2-121 
of thrusters, 30-5-4 

electrodynamic 
design, 25-2-65 
shock testing by, 28-4-101; 

29-4-96; 31-2-144; 33-3-85; 
34-3-345,355; 35-6-41,111, 
163 

equalization, 33-3-109 
hydraulic, broadband, 35-2-157 
mechanical, crosstalk in, 33-3-107 
mounting, 27-4-79 
multiple, random excitation with, 

35-2-85 
natural frequency determination by, 

34-3-95 
for quality control tests, 27-3-65 
reaction, flexure stabilization, 

33-3-107 
simulation of acoustic noise by, 

33-3-125 
with toggle mechanisms, 27-3-101 
using fluid modulation, 30-5-12 

Vibration isolation 
of buildings, 27-4-79 
with control of angular alignment, 

30-1-178 
friction damping for, 35-5-179 
mechanical admittance in study, 

30-2-43 
of packaged equipment, trends in, 

30-3-57 
on rocket-propelled sled, 27-3-30 
of satellite instruments, 34-3-185 
in ship structures, theory, 26-2-201 
systems 

for aircraft, 34-3-169 
transmissibility, 35-5-227 

with viscous damping, 35-5-217 

Vibration isolators, see also Vibration 
absorbers 

coupled-compression, 29-4-299 
design for gyros, 30-1-167 
focused on center of gravity, 34-3-193 
free play used as, 27-1-110 
with low shock amplification, 34-3-177 
not mounted at center of gravity, 

33-4-127 
pneumatic, for rocket-propelled 

sleds, 27-3-18 
pneumatic springs, 35-5-217 
requirements for, 34-1-37 
for shipboard use, 34-1-47 
specification of random tests for, 

29-4-106 
transfer impedance, 34-3-135 

Vibration measurements, see also Telem- 
etry 

by force transducers, 34-4-45 
by microwave interferometer, 

35-4-23 
on Saturn vehicles, 30-4-11 
of Snark environment, 25-2-117 
translated to specification tests, 

33-3-159 
tutorial discussion, 34-5-15 
unattended recorder for, 34-4-1 

Vibration modes, see Modal analysis 

Vibration response, see Response 

Vibration specifications 
comments on, 27-4-43 
for missiles, 31-1-83 
for packaging, survey, 30-3-27 
for Saturn SA-1, 30-4-24 
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Vibration specifications—Continued 
for Snark missiles, 27-2-68 
in transportation, 30-3-122, 35-5-129 

Vibration spectra 
derivation of charts, 33-1-35 
graphical method of obtaining rms 

values, 34-2-225 
from hybrid computer, 35-4-193 
of shipboard equipment, 33-1-44 
of Titan missiles, 33-3-231 

Vibration test fixtures, see Fixtures 

Vibration tests, see also Force-controlled 
vibration tests 

aerodynamic heating combined with, 
25-1-92 

control devices used in, 34-5-93 
of Corporal components, 26-2-16 
damage prediction during, 31-2-29, 

34-2-144 
deflections due to, measurement, 

34-4-103 
derivation, 28-4-1 
design of bolted joints for fixtures, 

34-5-273 
development, panel sessions on, 

29-4-359 
effect of detuning in coupled systems, 

29-4-226 
failure analysis in, 33-3-191, 34-1-131 
of ground equipment, 34-5-255 
at high temperature, 33-3-153 

induction heater for, 33-3-19 
horizontal 

fixture design, 34-5-231,262 
oil film table for, 25-2-93, 

27-4-46, 31-2-303 
of large packages, test facility for, 

30-5-4 
of launch vehicles, suspension sys- 

tem for, 35-2-191 
levels 

reliability program in study, 
33-3-183 

using fatigue criteria, 34-5-55 
from measured environments, 

31-2-25, 33-3-159 
mechanical impedance simulation in, 

33-4-47 
of Mercury capsule, 30-5-97 
with multiple frequency, 35-2-107 
multipoint control, 33-3-211, 

35-2-165 
on Munson test course, 31-2-64 

of nonlinear structures, distortion in, 
33-3-195 

optimum selection using decision 
theory, 31-2-88 

parameters, effect on system reso- 
nance, 34-5-145 

phase measurement in, 31-3-127 
philosophy, 27-4-1; 28-4-157,225; 

29-4-241 
of Foiafis, levels for, 29-i-iiO 
procedures 

equalization problems in study, 
34-5-1 

for OAO satellites, 31-2-77 
for production 

criteria for, 25-2-174 
of electronic equipment, 25-2-170 
termination points, 25-2-175 

program 
design evaluation by, 34-2-239 
from fatigue damage data, 

27-2-129 
for gyros, 27-2-147 
on Saturn test vehicles, 30-4-40 
for supersonic missiles, 

28-4-189 
protection circuits for, 33-3-79 
quasi-sinusoidal, 28-4-114 
in reliability estimation, 33-3-189 
of rocket engines, 33-3-27 
shock used for, 34-3-253 
specification, 30-1-162; 33-3-179, 

203,219; 34-4-200 
reliability considerations in, 

34-4-147 
for shipping containers, 25-2-337 

systems for 
equalization, 33-3-109 
shock testing with, 34-3-355 
use at very low levels, 34-5-141 

techniques, mechanical impedance in 
study, 34-5-221 

in three axes, 27-3-71, 31-2-172 
transmission of force by viscoelastic 

layers, 34-5-99 
of transportation environment, 

27-3-189; 30-3-122; 35-5-37,129 
types, 28-4-225 
vacuum drive pad in, 34-1-181 
very high level, 35-7-25 

Vibration transducers 
calibration, 27-4-127, 34-4-13 
calibrators for, 33-3-45 
survey of problems with, 26-2-90 
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Villari effect in study of magnetostric- 
tion, 26-2-123 

Virtual work principle in study of cylinder 
deflection, 26-2-185 

Viscoelastic damping, see Viscous 
damping 

Viscoelastic materials 
characteristics, 34-5-110 
design of structures using, 34-5-211 
laminated, in structural design, 

34-5-205, 35-7-239 
shear modulus, by mechanical im- 

pedance, 35-7-267 
vibration damping, 35-5-159, 

35-7-213 

Viscous damping, see also Damping 
in fatigue studies, 26-2-298 
isolation with, 35-5-217 
in plates, transmissibility, 34-5-166 
in satellites, 34-3-185 
in structures, characteristics, 

34-5-155 

W 

Water entry 
of radoiae, 28-4-141 
retardation following, 25-2-157 
shock 

damage criteria, 26-2-28 
of data capsule, 28-4-120 
instrumentation for, 26-2-23 
prediction, 35-7-77 
simulation, 27-3-87, 35-6-119 

test facilities, 28-4-125,143 

Water impact, see Water entry 

Water jet actuators, design, 35-6-47 

Wave analyzers 
in analysis of vibration data, 25-1-159 
in study of amplitude distribution and 

power spectral density, 26-2-231 

Waveforms 
analysis, amplitude distributions in, 

26-2-271 
distortion, analog computer in study, 

33-3-195 

Von Karman vortex 
forces, on Vanguard mipzlles, 

26-2-171 
in study of telephone and power lines, 

26-2-178 

Vortex shedding 
in design of towers and other struc- 

tures, 34-2-279 
at supercritical Reynolds number, 

26-2-147,180 

Vulnerability 
of aircraft 

to blast, 28-1-56 
to nuclear detonation, 28-2-59 

concept, to develop test programs, 
29-1-110 

of electronic equipment to air blast, 
29-2-50 

to missile attack, 27-1-14 
of ship weapons, 28-1-125 
of ships, 29-1-48, 35-1-23 
from systems viewpoint, 27-1-22 
of tunnels, 28-3-245 
of underground structures, 28-3-242, 

32-1-123 

Weapon systems 
captive testing, 27-3-52 
combined environmental testing to 

avoid failures, 35-3-227 
concept applied to hardening, 28-1-7 
survival in hot-war environment, 

28-1-125 
test planning, 29-4-66 

Wertheim effect in study of magneto- 
striction, 26-2-123 

Whirl towers for parachute testing, 
30-5-51 

White noise 
definition, 25-2-179 
effect on gyro drift, 25-2-277 
response to, 25-2-249 

of vibration absorber, 28-4-232 

Williams' method of obtaining wing vibra- 
tion, 27-2-81 

Wind tunnels 
prediction of transonic buffeting from 

data, 34-2-1 
spark heating in design, 27-2-40 
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Wind velocity, see Critical wind velocity 

Wings 
aircraft, mathematical model, 

33-2-221 
low aspect ratio, vibration charac- 

teristics, 27-2-81 
vibration, Williams' and Turner's 

method of obtaining, 27-2-81 

Work, due to damping, 29-4-218,30-4-128 

Yield stress, strain rate effect on, 
33-4-141 

Yielding structures, see also Crushable 
structures and Honeycombs 

response to shock loads, 30-3-302 
shock attenuation by, 26-2-215 
soil deformation above, 28-3-36 
with step input, equations of motion, 

26-2-221 

Young's modulus, see Modulus of elas- 
ticity 

XQ-5 drone missiles, powered flight vi- 
bration, 26-2-7 

X-rays 
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FOREWORD 

The troublesome effects of shock and vibration as well 
a s the ways and means for overcoming these difficulties 
play a vital role in our preparedness effort. Only in recent 
years have these aspects of mechanical shock and vibration 
been recognized as an engineering domain which must be 
approached with a scientific attitude. At present, the bulk 
of Information pertaining to research and development con- 
ducted In this field for the past ten years is contained In tlie 
24 Shock and Vibration Bulletins. Since these are classified 
(mostly Confidential) and were Issued In different formats, 
some as NRL Reports and others as Department of Defense 
publications, It Is often difficult to locate a cited reference 
to an Investigation. 

Therefore, to provide the technical worker In the field 
of shock and vibration and associated with National defense 
with a ready reference to the Bulletins, this Index has been 
complied. It lists subjects and Items in alphabetical order. 
Items of equipment and Instrumentation are listed even 
though many of these Items are not fully described In the 
texts. These references should be valuable If Information 
Is desired relative to application and performance. There 
Is also Included an Index to authors of papers and shorter 
manuscripts which are contained In Bulletins 1 through 24. 

Some Bulletin issues were published in two volumes, 
the second being a Supplement to the first. For example, 
proceedings of the 24th Symposium are printed in two parts: 
Shock and Vibration Bulletin No. 24 and Supplement to Shock 
and Vibration Bulletin No. 24. Hence, in the Index wherever 
the letter "S" accompanies the Bulletin number, the refer- 
ence is to be found in the Supplement to that Bulletin. 
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SUBJECT INDEX 

to 

SHOCK AND VIBRATION BULLETINS 
Nos. 1-24 

The numerals following the subject ite» represent 
the Bulletin number, while the numerals included 
in parentheses represent the page number. 
Example: 

r Bulletin No. 

Aerobee rocket,  19(43) 

•Page No. 

Accelerated testing, 15(92,93); 20(190) 

Acceleration 
Bailout (See Bailout acceleration) 
Density (See Spectral density) 
Human tolerance (Se-s Human-body tolerance to 

acceleration) 
Simulators (See Centrifuges or Linear acceleration 

simulators) 

Accelerometer 
Calibration (See Calibration) 
Circuitry (See Circuitry for accelerometers) 
Classification, 9(18); 24(2,3,5) 

Accelerometers 
ADP crystal, 17(109); 18S(3) 
ASF Type B and Type LA, 16(8,20) 
Brinell-type, 17(74,81) 
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Brush Vibromike MV-1, 14(50,70); 17(145) 
Buchanan gage, 8(48) 
BuOrd torpedo, 3(24) 
Calidyne Mod 18-B, 19(16); 20(66) 
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Accelerometers (continued) 
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9(19); 17(74,76); 19(70) 
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NOL piezoelectric, 8(55); 17(76) 
NRL contact, 3(36) 
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Putty gage, 3(36); 8(45); 9(19) 
Rochelle salt crystal, 8(55); 14(50,70); 17(109,122, 

145); 18S(3) 
Schaevitz, 8(62) 
Schrader, 3(26); 6(9) 
SCL, magnetic recording, 15(52) 
Statham (See Statham accelerometers) 
Subminiature tube (BaTiOs), 23(162,167,258) 
Symington-Gould, 15(69); 16(5) 
Westinghouse crystal, 3(40) 

Acoustic 
Environment of Snark, 24(236) 
Environmental aspects of fatigue, 24(252) 
Fatigue problems in jet aircraft, 24(231) 
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Acoustic (continued) 
Structural vibration of B-52, 22(3a); 24(219) 

Aerobee rocket, 19(43) 

Aerodynamic 
Noise, 12&13(13,17) 
Vibrations, 12&13(26) 

Air-blast, 4(3,11) 

Aircargo, 15(21,36); 18S(25); 19(80) 

Aircraft 
Aileron reversal, 12&13(104) 
Airfoil divergence, 12&13(106) 
Analysis of noise induced vibration, 22(39) 
Arcing faultss 12&13(167) 
Arrested landings, 12&13(116,132) 
Arresting gear, 19(129,138,141) 
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Drop tests, 8(11); 9(26) 
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Electronic equipment isolation for shock and vibration, 

22(47,72,78) 
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Engine suspensions for containers, 21(97) 
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Gunfire vibrations, 16(56); 17(4,33); 20(125) 
Gust loads, 7(34); 12&13(lü9,159) 
Helicopter flight vibrations (See Helicopter) 
Helicopter ground resonance, 12fel3(69) 
Instrumentation for test (See Test instrumentation of 

aircraft) 
Jet flight vibration (See Jet aircraft vibration) 
Landing data, arrested, 12bl3(126,138) 
Landing data, unarrested (See Unarrested-aircraft- 

landing data) 
Landing-force response parameters, 12bl3(145) 
Landing loads, prediction of, 12tl3(151) 
Landing problems, 7(32,39) 
Landing tests, 12&13(116,146) 
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Aircraft (continued) 
Model tests, 7(39); 22(62) 
Noise (See Noise in airplanes) 
Pilot ejection, 7(47); 19(161); 20(120); 223(28,40) 
Propeller type, vibration (See Conventional-aircraft- 

vibration) 
Regions of vibration, 16(52) 
Seat ejection experiments (See Escape from aircraft) 
Shock and vibration in wire rope arrestment, 19(141) 
Specific types (See Specific types of aircraft) 
Specifications (See Specifications) 
Vibration spectra (See Propeller and jet aircraft 

vibration spectra) 

Air-drop 
Ballistic aspect of, 19(6) 
Demonstration, 19(194) 
Economics, 19(24) 
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Of mines, 19(67,70) 
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126,156) 
Problems, 19(1) 
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Water entry shock, 19(70,77,80) 
Wind drift, 19(2) 

Air-gun (See Shock-testing equipment) 

Alloys, 18(106,151) 

Altitude simulation facility (NRL), 24(154) 

Ammunition testing, 3(13) 

Ampex tape recorder, 23(186); 24(8) 

Amplifier 
Boeing tape monitor, 22(58) 
Consolidated Type D, 21(130) 
Design of power type, 24(135) 
Macintosh 251, 23(176) 
MB, power, Mod T 112031, 23(115) 
Miller A-2, 12&13(82) 
Miller C-3S 21(156) 
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Amplifier (continued) 
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Subrainiature types, 18(82); 24(7) 
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Applications for shock analysis, 4(43); 24(118) 
Applications for vibration analysis, 14(32); 22(42); 

23(187); 24(70,225) 
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Shock spectrum computer, 24(118) 

Analysis of missile data 
Corporal, 24(110) 
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Snark, 24(243) 
Talcs, 24(76) 
Terrier, 23(187,190) 

Analyzers 
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Pratt and Whitney, 12&13(37,45) 
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Arrested landing, 12&13(116,132) 
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B 

Bailout acceleration 
Ejection (See Ejection accelerations) 
Free fall, 19(153); 223(20) 
Parachute opening, 19(2,109,119,156) 

Ballantine, 320 True rms meter, 24(102) 
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Ballistic impact 
Properties of textile materials, 22(159) 
Shock effect, 22(134) 
Simulation equipment, 22(135) 

Ballistics 
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Of gun projectiles, 5(1); 18S(10) 
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Berkley counter, 24(243) 

Biomechanics 
Airplane, 7(15); 10(57,71); 22S(24) 
Blast, 2(7,11); 4(19); 5(73); 20(121) 
Centrifuge, 19(178,186); 20(120) 
Decelerator, 10(57); 19(167); 20(120) 
Drop and recoil test stand, 10(67) 
Ejection seat, 2(12); 7(47); 12&13(171,187); 19(161, 

188); 20(122); 22(146); 228(28,40) 
Parachute, 19(119,156) 
Pneumatic accelerator, 10(61) 
Vehicle, 6(44) 
Vibration table, 2(9); 7(27); 22S(7,16) 
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Brake, 19(29) 
Deflectors, 4(17) 
Gage, 4(11,12) 
Pressure measurements, 4(3,11) 

Bomarc flight vibration, 24(46) 

Bomarc testing specifications, 24(48) 

British velocity meter, 3(34); 8(23); 17(10) 

Brittleness, 5(48); 11(97) 

Brown strip recorder, 24(220) 

Bruel and Kjaer audio spectrometer, 24(243) 

Bruel and Kjaer wave analyzer, 24(9) 

Brush 
Magnetic recording system, 6(13); 21(127); 24(102) 
Sound mirror, 14(69) 
Vibromike, 14(50,70); 17(145) 

Brute-force type vibration machine, 22(203) 

Buchanan gage, 8(48) 

Buckling-type isolators, 6(99) 

Bumblebee program, 5(41); 14(49); 18(75); 183(13) 

Bump rig, 6(5) 

Bungee shock cord, 14(100) 

C 

Cable 
Axial acceleration, 24(59) 
Impact and vibration problems, 19(129) 

Calibration 
Barium titanate accelerometers, 17(128); 22(151); 

24(293,304) 
High frequency accelerometers, 23(162); 24(304) 
Methods for vibration pickups, 5(61); 6(17); 8(64); 

22(60) 
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Calibration (continued) 
Shaping network, 23(106) 
Small crystal, h.i.c, accelerometerSj, 24(293) 
Techniques, 23(236) 

Calidyne accelerometer, 19(16); 20(66) 

Calidyne vibrator, 18(125) 

Camera vibration isolation, 20(104) 

Cameras, 5(18,20); 8(16); 9(32); 20(109) 

Cantilever plate, vibration, 14(7) 

Capacitors, test, 22(99,100) 

Captive test stands, 23(184,209) 

Cartridge-actuated devices (CAD), 22(146) 

Catapult, ejection-seat type 
Design data, 12&13(171,175,179,183,184); 22(147) 
General mechanical design, 12&i3(175) 
Interior ballistics, 12&13(177,180) 
Performance requirements, 12&13(171); 22(147) 

Cathode follower circuits, 17(130); 24(302) 

Cathode followers, 17(133); 23(186); 24(57,302) 

Centrifuges 
AMAL, high performance, 19(181); 20(120) 
NAMTC, 10-ft, diameter, 14(97) 
NOL, rotary accelerator, 14(43); 20(98) 
NOL, Type 1-A. 3(20) 
NOL, Type 2-A, 3(10,20) 
WADC, equipment type, 22(206) 
WADC, instrument type, 22(205) 

Ceramic accelerometers (See Accelerometers) 

Circuitry for accelerometers 
Endevco Mod. 2213, 24(60) 
Frankford Arsenal Mod. FA-6, 22(135) 
Gulton, Mods. A403 and 400-MW, 16(89) 
Gulton, Mod, 302A, 21(33) 
Gulton, tape recording, 23(224) 
JHU/APL, Mod. TTQ, 17(145,147); 22(175) 
NRL, strain gage, 8(67) 
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Circuitry for accelerometers (continued) 
SCEL, Glennite Mod. T, 23(280) 
Shure, Mod. 61-B, 6(82) 
Statham, Mod. R, 16(72,73) 

Clock delay Mk.17, 20(135) 

Cockpit vibrations in helicopters, 12&13(80) 

Combustion vibrations, rocket motors, 18(66) 

Comfort index, 12&13(95) 

Common carrier 
Lading damage (See Damage) 
Packaging for shipment by, 15(6,9,56) 
Suspension problems, 15(12) 
Vibration (See specific carrier) 
Vibration spectra (See Spectra) 

Complex wave simulation equipment (See Vibration testin«; 
equipment) 

Compressor blade vibration, 12&13(53) 

Conbur tester, 17(54); 21(17) 

Consolidated oscillograph (See Oscillograph) 

Consolidated velocity meter (See Velocity meters) 

Container (Also see Package) 
Aircraft engine, 16(106); 21(78,97) 
Atmosphere control, 21(15,82) 
Basic designs, 18(lb2); 20(92); 21(98,100) 
Cost, 16(129) 
Criteria, 16(126) 
Cushion design, 20(82,171) 
Cushioning materials, 16(100); 19(23); 20(95); 

21(40,63) 
Development, 21(38,47,55) 
Drop test, 15(6); 16(108,128); 17(189); 21(16,25,59) 
Fiberglas, 21(107,174) 
Isolation systems (See Isolators for shock and/or 
vibration) 

Laboratory testing equipment, 21(176) 
Materials, 18(106); 20(92,94,95) 
Missile (See Missile) 
Ramp test, 21(17) 
Road test, 21(60) 
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Container (continued) 
Rough handling, 21(174) 
Seals, 21(13) 
Shipboard storage, 18(135); 21(44) 
Shock and vibration isolation, 20(35,44) (See also 
Shipping container shock and vibration isolation) 

Specif-ic types, 18(132); 20(92); 21(98,100) 
Temperature test. 21(137) 
Velocity shock response of rigid body within, 23S(35) 
Vibration test, 21(17) 

Controlling response of a fuze package, 23(36) 

Conventional aircraft vibration 
Effects of dynamic suspensions, 7(13) 
North American Aviation data, 11(56); 16(54); 17(31); 

18S(19); 20(67); 22(182) 
On AD-3W aircraft, 14(111); 16(13) 
On F4U-5N aircraft, 1H30); 14(113); 16(13) 
On SNB aircraft, 11(27,29); 14(112); 16(13) 
On mounted equipments, 11(66); 16(66); 18S(12) 
Power plant, 12&13(22) 
Problems, 7(13) 
Specification data for test on equipment, 11(68) 
Thresholds of comfort, 7(15) 
Transportation spectra, 21(14,140) 

Cook Research vibration recorder, 14(50,74); 19(122) 

Coulomb damping in fuzes, 23(37) 

Countermining, 5(37) 

Crash dynamometer, 7(59) 

Crash landing forcesj 7(59) 

Crushable materials, 19(23) 

Crystal accelerometer (See also Accelerometers) 
Barium titanate application, 17(122) 
Calibration, 17(128); 22(60); 23(236); 24(293,304) 
Calibration equipment, 22(61,151); 24(293) 
Ceramic (See Accelerometers) 
High-internal-capacitance type, 24(291) 
Quartz, Rochelle salts, and ADP, 8(54); 17(124) 
Response to mechanical shock impulses, 24(298) 
Small pickups, 23(234) 

Crystal vibrators, 23(175) 
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Cushioning charts and tables, 16(102) 

Cushioning material 
Air-drop requirements, 19(23) 
Charts and tables, 16(102); 21(69) 
Design factors for package cushions, 20(80) 
Dynamic and static tests, 16(100) 
Energy method for cushion design, 20(171) 
Evaluation, 16(100) 
For Terrier missile, 21(39) 
Selection, 21(63) 
Specifications, 20(95) 

Damage 
Aircargo, 15(35) 
Criterion as a parameter to define environment, 24(318) 
Electrical fault, 12&13(168) 
Electronic equipment, 6(49); 11(107); 18(138); 20(52); 

24(165) 
Factors for lading, 15(75,76); 16(11) 
Lading (See Lading damage) 
Problems, 17(14); 21(184) 
Sensitivity, 23(9,15,16) 
Shipboard shock (missiles and launching systems), 

24(271,282) 
Theory, 15(42); 23S(14) 
Underwater explosion, 4(21) 
Vacuum tubes, 11(107) 

Damping 
Applications to shock and vibration isolators, 17(17, 

175,182); 24S(12) 
Characteristics of built-up structures, 17(3) 
Effects on near-resonant vibration, 18(149); 24(166) 
Energy, nature and magnitude, 18(150) 
Friction type, 20(22) 
In hysteresis system, 24(139) 
In single-degree-of-freedom system, 23(6) 
Specific types, 10(9) 
Square law application for shock mounts, 243(12) 
Structural, influence on design, 18(145) 

Data analysis (See Methods of data analysis) 

Data on shock and vibration (See Shock and vibration data) 

Davies, Mod, 510, spectrum analyzer, 23(83) 
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Definitions 
As related to simulation, 10(37) 
Discrete frequency, 24(228) 
Proposed standards, 1(18); 2(5); 4(89) 
Random vibration, 23(69); 24(219) 
Shock, 1(18); 2(5) 
Simulation, 23(1) 
Specification, 17(21) 
T XUi. Cl. WXUU ,  iV-LO/,  .L^WJLOV-W 

Deflectors, 4(17) 

DeForest gage, 19(83) 

Delay time for yield in steel, 14(1) 

Delayed opening parachute, 19(67) 

Design 
Clock-type mechanisms, 20(135) 
Considerations for selection of isolators, 17(180) 
Criteria for guided missiles, 14(49) 
Criteria for military equipment, 16(50); 17(23) 
Dynamic problems, 24(324) 
Factors for missile shipboard package, 21(44) 
Guides for aircraft equipment, 11(53) 
Guides for shipboard equipment, 23(29) 
Gun mounts and turrets, 11(33) 
High "g", 11(110) 
Missile, end use vs. handling and transportation, 

21(186) 
Missile structure, 18(145) 
Objectives for packaging shock recording instrumentation 

20(160) 
Package, 16(106); 21(44) 
Package cushions by use of energy method, 20(171) 
Philosophy for guided missiles, 18(1) 
Problems of a linear acceleration tester, 17(102) 
Problems of seat ejection catapults, 12&13(171) 
Problems of structural shock and vibration, 17(1) 
Problems under random shock and vibration, 23S(23) 
Requirements for shipping containers, 20(92) 
Requirements of shipboard equipment, 9(67); 23(25) 
Shock, 20(1) 
Shock and vibration isolation systems for containers, 

21(57) 
Shock testing facility for Falcons, 24(116) 
Small, compressed crystal accelerometers, 24(291) 
Specifications for isolators, 22(47,78) 
Techniques for shock and vibration conditions, 24(165) 
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Detonator, M-36, 14(66) 

Development of containers (See Containers) 

Development tests, 18S(30); 22(5,24,29); 24(106,348) 

Devices for studying aircraft injuries, 10(57) 

Differential analyzer, 17(140) 

Discrete frequency spectrum, 24(225) 

Divergence, 12&13(106) 

Douglas A-4 lifeboat, 19(77,80) 

Dove, 21(42) 

Draft gear, 16(78) 

Drop testers 
Boston University, shock tester, 17(58,61); 18(84) 
Convair deceleration shock tower, 22(113,118) 
Cornell Aeronautical Lab. decelerator, 14(60) 
Drop and recoil test stand, 10(67) 
Frankford Arsenal ballistic shock tester, 22(136) 
NOL, drop shock tester, Mk.7, Mod.O, 20(111,193) 
NOL, shock testers, types 1A, 2A, 3A and XD-1A, 3(14,19) 
NRL, gravity drop table, 2(15) 
VD, medium impact shock tester, type 150-400, 22(94) 
Vultee Aircraft Corp., shock tester, 18(56) 

Drop tests 
Aircraft, 9(26) 
Aircraft pilot's seat, 9(30) 
Container, 17(189); 21(25,59) 
Missile, 14(57,59); 18(54) 
Ride and impact recorder, 16(39) 
Shock absorber mock-up, 19(18) 
Torpedo, 18(111) 

Droppler device, 5(22) 

Dry-run machines, 24(116,118,120) 

Ductility, 5(48); 11(96) 

Duration of  landing loads,   128il3(119) 

Dynamic-design problems,   24(324) 
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Dynamic stresses (See Stresses) 

Dynamics of parachute opening, 19(105) 

Dynamometers, 7(59); 9(31,32); 15(30); 16(76) 

£ 

Economics of air-drop, 19(24) 

Edge water damper, 12&13(124) 

Ejection accelerations 
American data, 12&13(171); 19(161,185,188); 20(122); 

22(146); 22S(44) 
British data, 7(51) 
German data, 12&13(187) 

Ejection-seat catapults (See Catapult) 

Ejection-seat test tower, 9(27) 

Ejection seats, 7(48,57); 228(28,40) 

Analogy, 14(32); 17(140); 22(42); 24(172) 
Fault, 12&13(167) 

Electrodynamic vibrators (See Vibration testing equipment) 

Electromagnetic vibrators (See Vibration testing equipment) 

Electron tube 
Acoustic tests, 22(95,183) 
Alumina-ceramic type, 24(196) 
Damage, 6(49); 11(107); 20(55); 24(186) 
Evaluation, 23(262); 24(202) 
Impulse test, 23(262) 
Measurement of acceleration levels, 23(278) 
Mechanical properties under high acceleration, 24(195) 
Microphonics, 18(123); 22(97,183) 
Packaging, 16(114); 24(181) 
Potting, 11(107); 24(182) 
Random noise tests, 22(95); 23(251,257); 24(205) 
Reliability, 16(114); 17(167) 
Ruggedization, 16(114); 24(168) 
Shock mounting, 17(160) 
Shock tests, 16(114); 17(160); 22(94); 23(262); 

24(189,200) 
Shock transients recording, 24(190) 
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Electron tube (continued) 
Subminiature, 24(181,192) 
Vlbration spectra, 24(204-209) 
Vibration tests, 22(93); 23(278); 24(199,202) 

Electronic equipment 
Damage, 6(49); 11(107); 18(138); 20(52); 24(165) 
Design, 11(47); 24(165) 
Environment, 22(181) 
Evaluation, 21(30); 22(93); 23(278) 
Packaging, 24(174) 
Potting, 11(104,107) 
Shock and vibration isolation, 22(47,72,78) 
Shock and vibration resistant, 18(82); 20(52) 
Shock and vibration testing devices, 3(43); 10(41); 

22(94,96) 
Specifications (See Specifications) 
Techniques for testing, 24(210) 
Tests, 6(69); 21(30); 22(93,182) 

Electronic reed gage, 17(143) 

Endevco, accelerometers, 23(186); 24(57,107) 

Engine packaging, 21(78,97) 

Engine suspensions, 21(97) 

Engineering manual (CAD), 22(146) 

Epoxy resin, 23(175,234); 24(181) 

Equivalent static acceleration, 20(2); 24(166) 

Erpi recording frequency analyzer, 6(18) 

Escape from aircraft 
Acceleration-deceleration (See Bailout acceleration) 
Acceleration problems in ejection seat design, 22(146); 

22S(40) 
Downward ejection, 228(28,40) 
Jolt factor, 19(161) 
Seat ejection experiments, 7(48); 9(27); 20(120); 

228(28,40) 
Tolerance to acceleration, 7(50); 19(167,178,186) 
Wind blast, 20(121) 

Exhaust noise, 12&13(13,16,22,27) 

Explosive charges, 14(16) 
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F 

Fabry-Perot interferometer, 24(310) 

Failure, 5(47); 21(182) 

Fairchild 5000 lb. vibrator, 18(72) 

Falcon (GAR-1), 24(116) 

Fastex camera, 8(15) 

Fatigue 
Acoustic problems in jets, 24(231) 
Aircraft panel acoustic tests, 24(232) 
Miner's hypothesis, 24(321) 
Properties of metals, 238(14) 
Sonic, environmental aspects, 24(252) 

Fiberglas container, 21(107,174) 

Filters 
Bridged T, 23(104) 
Krohn-Hite, Mod. 330-A, 23(80) 
Peak-notch, 24(133) 
Phase-lock loop tracking, 24(101) 
SKL, Mod. 302, electronic, 24(102) 
UTC/LMI-10,000 low pass, 23(167) 

Fire control equipment impact test, 22(134) 

Fist parachute, 19(39,44,47,53) 

Fixed frequency-fixed acceleration test, 24(202) 

Flutter, 7(17); 10(51); 18(146); 22(62) 

Force spectra, 23(20) 

Foundry shaker, 24(131) 

Fourier analysis, 24(316) 

Fracture, 5(48) 

Free fall, 19(152); 20(120) 

Freight car (See also Railr' d car) 
Draft gear, 16(78) 
Impact, 15(7,86); 16(70); 21(156) 
Index of lading damage, 15(76); 16(11,20,23) 
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Freight car (continued) 
Instrumentation (See Test instrumentation of RR cars) 
Lading damage, 15(1,33,42,60); 16(1,19); 18(138) 
Road tests, 15(72,81); 16(20,41,87); 21(127) 
Shipping test, 18(138) 
Shock spectra, 21(140,158) 
Suspensions, 15(72) 
Trucks, 15(71); 16(4) 
Vibration, 15(19,66); 16(41,85,90); 21(127,140) 

Frequency meter (H.P.500-B), 24(102) 

Friction snubber, 20(33,192) 

Fuze package, 21(74); 23(36) 

G 

Gage 
Buchanan, 8(48) 
Crusher, 8(50); 9(19); 17(74); 19(73) 
Diaphram blast (TMB), 4(12) 
Impact, 3(36); 6(93) 
Indenter, 8(49) 
Putty, 3(36): 8(45); 9(19) 
Reed (See Reed gage) 
Scratch, 15(31); 16(131); 19(62) 
Sonigage, 2(13) 
Strain, 6(59); 8(1); 9(33); 15(31); 16(7,71); 19(44, 

73,83) 
Strain cycle, 16(16) 
Williams, 4(11,19) 

Galvanometer, 9(33) 

Gas globe, 4(21) 

General Electric, PU-IO, oscillograph, 21(59) 

General Electric quartz crystal accelerometer, 17(136) 

General Radio, Hod. 762-A vibration analyzer, 6(18) 

General Radio, Mod. 1390-A noise generator, 23(80,113) 

Generalized shock spectra, 238(12,15) 

German, time-acceleration recorder, 19(62) 

Glenco accelerometer, 14(50) 
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Glenn Martin, Type B, accelerometer, 8(62) 

Glennite accelerometer, 23(186,281) 

Gradiometer, 23(217) 

Graphical methods of analysis, 22(187) 

Gray accelerometer, 15(29,70); 16(6) 

Ground firing (See Missiles) 

Ground resonance, 12&13(69) 

Guided Missiles (See Missiles) 

Guillotine impact machine, 6(98); 11(92) 

Gulton accelerometer (See Accelerometers) 

Gun 
Airblast, 4(11) 
Recoil systems, 11(38) 
Turrets, 11(33) 

Gust loads, 7(34); 12&13(109,159) 

H 

Handling data, 15(36); 18(135); 20(69) 

Handling test, 15(95) 

Hathaway oscillograph, 16(71) 

Harmonic analysis, 6(18) 

Head blind, 7(51) 

Heat-energy failure theory, 5(58) 

Heiland oscillograph, 16(6,83) 

Helicopter 
Autopilot mount evaluation test, 22(74) 
Cockpit vibration, 12&13(80) 
Comfort index, 12&13(95) 
Electronic equipment, 22(72,78) 
Flight vibration data, 12&13(90); 16(66); 18S(12); 

21(140); 22(73,78) 
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Helicopter (continued) 
Ground resonance, 12&13(69) 
Modes of vibration, 12&13(71) 
Specific types, 12&13(72,81p82); 22(80) 
Vibration isolation, 22(72,78) 
Vibration spectra, 16(66); 183(12); 21(140); 22(73) 

Hermes, 21(55); 22(25) 

High-acceleration gas gun, 17(78) 

High "g" design, 11(110) 

High-internal-capacitance accelerometer, 24(291) 

High speed motion studies, 8(15); 12&13(132); 17(189); 
22(198) 

Hogan knocker, 24(129) 

Honest John, 21(74) 

Human-body tolerance to acceleration 
Definition, 19(180) 
Due to vibrations, 228(13,24) 
Established by centrifuge tests, 19(178) 
Established by early tests, 7(50); 12&13(187) 
Established by ejection seat tests, 19(185,188) 
Expressed by Lombard diagrams, 19(179) 
For abrupt deceleration, 19(167,173,188) 
For free fall, 19(153,155) 
For parachute landing, 19(58) 
For parachute opening, 19(156) 
For prolonged durations, 19(186) 
For short durations, 19(188) 
In upward and downward directions, 12&13(171); 19(187) 
Levels in military aircraft, 228(24) 
Rates of change, 19(175) 
Tests, 7(48); 19(167); 20(120) 

Human-body vibration, 223(7) 

Humping shock (See Railroad car humping tests) 

Hydraulic shock machine, 17(58,70); 23(135) 

Hydrostatic effects of combined tumbling and deceleration, 
228(20) 

Hyge actuator, 23(143) 
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Hypothesis of equipment failures, 23(5) 

Hysteresis-damped structural responsej 24(139) 

I 

Igniter shock, 18(32,44,51); 18S(11) 

Igniters, 18(45) 

Impact 
Decelerator, 10(57) 
Gage, 3(36); 6(93) 
Gun projectile, 9(63); 22(134) 
Properties of materials, 11(91,96) 
Properties of textile materials, 22(159) 
Tests on cushioning materials, 16(100) 
Tests on freight cars (See Railroad car humping tests) 

Impulse test on electron tubes, 23(262) 

Indenter gage, 8(49) 

Index of lading damage, 15(76); 16(11,20,23) 

Inertial operated devices, 4(77) 

Instrumentation for freight cars (See Test instrumentation 
of RR cars) 

Instrumented aircraft (See Test instrumentation of aircraft) 

Instrumented missiles 
Aerobee 19(43) 
Bumblebee, 14(49); 17(145); 18(75) 
Hermes, 14(73) 
Rascal, 18(80); 24(14) 
Rocket (5-in), 14(65) 
Shrike, 18(80) 
Terrier, 23(184) 

Instruments 
Acceleration detector, 23(115) 
Accelerometer (See Accelerometers) 
Altitude switch, 19(60) 
Amplifier (See Amplifiers) 
Analyzer (See Analyzers) 
Ballentine volt meter, 23(80,116) 
Blast gage, 4(11,13) 
Bridged T filter, 23(104) 
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Instruments (continued) 
Brush VibromikCp 14(50); 17(145) 
Dynamometer, 7(59); 9(31s32); 15(30); 16(76) 
EndevcOs, cathode followers 23(186); 24(57) 
G0R0 Mod» 1390-A, noise generator, 23(80,113); 24(225) 
Gradioraeter, 23(217) 
Interferometer Mod. AT-16, 24(310) 
MB Mod. M-3p vibration meter, 23(80); 24(107) 
Optical micrometer, 23(240) 
Oscillator, 18(82); 23(186) 
Oscillograph (See Oscillographs) 
Pallograph, 3(30) 
Peak sampling device, 23(196) 
Phase-lock loop discriminator, 24(101) 
Play back system, 23(227) 
Probability meter, 23(229) 
Recorder (See Recorders) 
Recovery timer, 19(60) 
Reed gage (See Reed gage) 
Rosen Mod„ 957 oscillator, 23(186) 
Rosen Mod. 960 transmitter, 23(186) 
Scratch gage. 15(31); 16(131); 19(62) 
Shock meter, 9(10) 
Strain gage (See Strain gages) 
Sonigage., 2(13) 
Torsiograph, 3(32) 
Velocity pickup (See Velocity meters) 

Interferometer technique, 23(162); 24(307) 

Isolation applications for shock and/or vibration 
Cushioning materials (See Cushioning materials) 
Design considerations, 17(180) 
Displacement, 17(15); 20(44) 
Flexible suspension systems, 21(97) 
Friction damping, 20(22) 
Mechanical suspension systems, 21(105) 
Nonlinear springs, 21(109) 
Soft nonlinear rubber mountings, 21(14,122) 
Square law damping, 24S(12) 

Isolation of shock and/or vibration in equipment (See also 
Isolators) 
Aircraft installation, 11(26,76); 17(180); 22(47) 
Components subjected to biharmonic vibration, 24(156) 
Components under random excitation, 24S(1) 
Container (See Shipping container isolation systems) 
Electronic» 11(103,107); 22(47,72,78) 
Helicopter installation, 22(72,78) 
Missile component, 14(116); 17(170,173); 24(156); 24S(1) 
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Isolation of shock and/or vibration in equipment (continued) 
Parachute-borne, 19(13) 
Shipboard installations, 22(84) 
Shipboard missiles, 24(286) 
Single degree-of-freedom system, 17(14) 
Vehicle installation, 6(49); 9(64) 

Isolators 
Barrys helical spring-shear pad, 14(117) 
Barry, Type 780 and 990, 22(74); 24(156) 
Barry, Type for Petrel, 21(41) 
Barry, yielding element type, 19(13) 
Barry-Lord, conglomerate, 22(75) 
Basic designs for, 17(173) 
Buckling type, 6(99) 
Center of gravity type, 11(76); 22(80) 
Chrysler, constant friction, 20(30,33) 
Engineering Experiment Station A6L, 22(85,90) 
Lord, sandwich, 21(57,97,99) 
Lord, series 156, 22(74) 
Mechanical Suspension Mount Co, system, 21(105) 
Portsmouth, BST, 22(85) 
Range finder M-12, 22(144) 
Reinforced Plastics Co, system, 21(41) 
Remote compass transmitter, 11(76) 
Robinson, 22(54) 
Rubber, nonlinear, 21(50,51,122) 
Stand-by-compass, 22(79) 

Jato igniter shock, 18(32,44) 

Jato thrust, 14(83); 18(47,51) 

Jet aircraft vibration 
Acoustic fatigue problems, 24(231,252) 
Amplitude plots, NAA data, 11(70); 16(54); 17(31); 

18S(20); 20(67); 22(182) 
Amplitudes of airframe components, F80-A, 11(22) 
Bomb rack, AD-2D, 22(173) 
Characteristics, F86-A5, 20(125) 
Characteristics, jet aircraft, 11(69,70) 
Characteristics, B-52, 22(36); 24(219) 
Characteristics, RB-66, 24(5) 
Rayleigh distribution, 24(227) 
Response frequencies, F80-A, 11(21); 12&13(50) 
Response vs. indicated airspeeds, F80-A, 11(24); 

12&13(51) 
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Jet aircraft vibration (continued) 
Spectra (See Propeller and jet aircraft vibration 

spectra) 
Velocity diagraiiisP F80-Ap 11(23) 

Jet noise, 22(34s38); 24(219,255) 

Jolt factor„ 19(161) 

Kay Electric sonagraph;, 17(147) 

Kay-vibralyzer vibration data, 22(66) 

L 

Laboratory-test facilities (See also shock testing equipment 
or Vibration testing equipment) 
At NOL, 3(17); 15(104) 
At NRLP 2(15)„ 3(43); 17(201) 
At WADCp 22(203) 

Laboratory testing (See also Simulation) 
Accelerated, 15(92); 20(190); 23(2) 
Aeronautical equipments, 22(4,38,65,103); 23(2) 
Analysis techniques, 23(88) 
Complex-wave (See Random vibration) 
Components vs.   assemblies, 23(21) 
Criteria and techniques, 24(105) 
Critical velocity change, 23(17) 
Definitions and standards, 10(37) 
Development, 18S(30)i 22(24,29); 24(106,127,348) 
Electromagnetic shaker application, 17(149); 22(61,65, 

93), 23(1) 
Electron tubes, 17(78)^ 23(251,257,262); 24(199,202) 
Electronic equipments, 22(72,93,182); 24(128) 
Equipments subject to high frequencies, 22(65) 
Facilities (See Laboratory-testing facilities) 
Fixed frequency-fixed acceleration, 24(202) 
Force spectra application, 23(20) 
Fuze packages, 23(36) 
Helicopter electronic equipments, 22(72) 
Land vehicle environment, 6(22); 17(52) 
Large specimens<, 24(147) 
Magnetic gradiometer, 23(217) 
Methods 21(89) 
Missiles (See Missile) 
Noise tests, 23(257), 24(205) 
Production, 24(110,128) 
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Laboratory testing (continued) 
Program to cope with shock and vibration, 22(1) 
Qualification,, 24(2378349) 
Random environment (See Random vibration) 
Relays, 17(164)j 21(30); 22(97); 23(107) 
Repetitive shockf, 24(127) 
Rocket-borne equipments 17(61) 
Rocket thrust, 20(14); 23(209) 
Shipboard equipment^ 3(5); 11(16); 22(12); 23(25,31, 

121,132) 
Shock spectra applications 24(116) 
Single frequency sweepj 23(21^93) 
Sinusoidal vibration, 24(337) 
Smooth specification, 23(20,106) 
Specification compliance, 22( 9) 
Specifications (See Specifications for shock and/or 

vibration) 
Substitutes for random vibration, 23(21); 24(338) 
Swept sinewave-fixed acceleration, 24(203) 
Underwater explosion, 23(121s132) 
Water entry, 17(74); 18(111); 19(77,82) 

Lading damage 
Aireargo, 15(35) 
Characteristics of freight cars, 16(19) 
Correlation with test data, 15(33) 
Due to handling, 16(26) 
Elimination in freight cars, 15(66) 
Factors, 15(75); 16(11) 
Index, 15(76)° 16(11,20,23) 
Investigation in freight cars, 15(60) 
Prevention, 15(1) 
Research, significance and value of measurements, 16(1) 
Theory, 15^42) 

Land camera, 22(57) 

Land vehicle vibration 
Frequency ranges 6(1,6,29,37); 15(23,51) 
Passenger car, 6'6) 
Tank, 6(6,30,33) 
Truck and trailer (See Wheeled vehicle vibration data) 

Launchers, 18(25,59); 19182); 24(259,269,282) 

Life boat, 19(77,80) 

Light analogy for complex vibration, 24(47) 

Limiters for shock, 24(287) 
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Linear-acceleration simulators 
Acceleration tester, pneumatic tube type, NADC, 17(102) 
Dry-run machines, 24(116) 
Launching simulator XM-1, NAMTC, 14(95) 
Monorail decelerator, WADC, 19(169,172) 
Rocket sled decolerator, EAFB, 19(124,181); 20(121) 
Rocket sled decelerator, friction brake, WADC, 19(167) 
Recket sled decelerator, water brake, WADC, 20(120,122) 
Supersonic track, SNORT, NOTS, 14(21); 17(106) 

Liquid jet vibrator, 23(166) 

Liquids, vibration in, 22(123) 

Loaded beam analogy for complex vibration, 24(47) 

Loads and vibrations in arresting cable systems, 19(138) 

Lockheed X-17, structural dynamic problems, 24(33) 

Lombard diagrams, 19(178,180,182) 

Loon, LVT-N-2, 14(92) 

Low pass filter, 17(136); 23(167) 

H 

Machinery in ships, 9(58,67) 

Machines 
Centrifugal (See Centrifuges) 
Rapid load test, 14(3) 
Shock (See Shock-testing equipment) 
Tension-impact, 5(35); 11(93,94) 
Vibration (See Vibration-testing equipment) 

Mader analyzer, 15(47) 

Magnetic tape vibration recorders 
Ampex, 23(186); 24(8) 
Consolidated Electrodynamic, Mod. 5-114-P4, 24(102) 
Cook Research, 14(74); 19(122) 
Davies, Mod. 501, 20(130); 24(5,9,220) 
Engineering Research, 19(70) 
Gulton, 23(223) 
Squire Signal, Type PT6-AH, 15(51); 16(88) 

Manufacturers of magnetic tape recorders, 24(8) 
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Manufacturers of wave analyzers, 24(9) 

Mass plug acceleromeirer, 3(36); 4(31) 

Massa accelerometer, 18(47); 18S(3); 23(266) 

Matador, 21(74,177) 

Materials 
Cushioning, 21(63) 
Properties of (See Properties of materials) 
Shock resistant, 18(106) 
Textile, 22(159) 

MB vibrators 
Mod, C-l, 21(32); 22(93) 
Mod. C-5H, 22(93) 
Mod. C-ll, 23(113) 
Mod. C-25H, 24(175) 
Mod. C-31-1, 23(80) 
Mod. S-3, 17(84) 

Mechanical impedance, 24(169) 

Mechanical vibration table waveforms, 23(45) 

Metallurgical factors involved in failure, 5(47) 

Meters (See Instruments) 

Methods of data analysis 
Band-pass filter, 14(110); 22(175); 23(88,190); 24(8,11, 

65,243) 
Digital, 23(190) 
Electric analogue (See Analogue) 
Fourier integral, 14(76); 15(47); 23(88); 24(93) 
Frequency contour mapping, 24(92) 
Graphical, 22(187) 
Harmonic, 6(18) 
Integration, 12&13(126) 
Mechanical simulation, 7(33) 
Recordak, 12&13(135) 
Statistical, 24(110) 

Microphonics, 18(123,125); 22(97,183) 

Microscope, 6(17); 23(237) 

Miller amplifier, 12&13(82); 21(156) 
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Miller oscillograph, 12&13(82); 20(66); 21(156); 23(186,195) 

Mine 
Aircraft transportation vibration, 15(21); 22(173) 
Air-drop equipment, 19(67) 
Clock-type mechanism design, 20(135) 
Equipment, high 'g' design, 11(110) 
Instrumentation for field test, 9(17) 
Parachute-opening shock, 19(70) 
Shock and vibration (freight car), 6(81); 15(19) 
Shock and vibration isolation, 11(115) 
Water-entry shock, 19(70) 
Water-entry shock simulation, 10(17); 17(74) 

Miner's endurance theory, 24(319,321) 

Missile 
Acceleration simulators, 14(94) 
Aerobee, 19(43) 
Bomarc, 24(46,54) 
Bumblebee program, 5(41); 14(49); 18(75); 18S(13) 
Captive test stand (See Vibration-testing equipment) 
Combustion vibration, 18(66) 
Component environment, 18(118) 
Component redundancy, 18(6) 
Component safety factors, 18(18) 
Component shock and vibration isolation (See Isolation 

of shock and/or vibration) 
Component specifications, concepts for, 18(120) 
Container shock and vibration isolation (See Shipping 

container isolation systems) 
Containers, 18(131,135); 20(92); 21(38,47,56,98,107, 

176) 
Corporal, 21(74); 24(110) 
Damage, CAG-1 depth charge shock test, 24(282) 
Data analysis (See analysis of missile data) 
Data processing for spectral studies, 24(92) 
Design, 18(1,145); 21(23) 
Development tests, 18S(30); 22(24,29); 24(127) 
Dove, 21(42) 
Drop test equipment (See Shock testing equipment) 
Drop tests, 14(57,59); 18(54); 21(25,59,106,177) 
Dynamic loads, 14(83) 
Environment analysis (See Analysis of missile data) 
Environment defined by damage criterion, 24(318) 
Environment, measurement, analysis and simulation, 

24(63) 
Fabrication methods, 18(106) 
Falcon (GAR-1), 24(116) 
Flight data (See Missile vibration) 
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Missile (continued) 
Flight simulation, 14(92,122) (See also Simulation) 
Flutter, 14(79,121) 
Flutter simulation, 14(121) 
Fuzes, 21(74); 23(36) 
Ground firing (See Missile vibration) 
Guidance and control, 5(41) 
Hermes, 14(73); 21(55) 
Honest John, 21(74) 
Igniter shock, 18(32,44,51); 18S(11) 
Igniters, 18(45) 
Incline-impact tests, 21(17,27) 
Instrumentation for tests (See Instrumented missiles) 
Jato thrust, 14(83); 17(170); 18(51) 
Jato-thrust retarder, 17(170) 
Launcher maneuvering loads, 18(59) 
Launchers, 18(25,28,29,59); 24(259,269,282) 
Lockheed X-17, structural dynamic problems, 24(33) 
Loon, LVT-N-2, 14(92) 
Matador, 21(74,177) 
Nike, 21(47,74,135) 
Organ pipe effects, 14(54) 
Oriole, 21(144) 
Packaging, 20(91); 21(1,4,13,38,44,55,74,78) (See also 
Container) 

Petrel, 21(41) 
Phase coherent vibration, 24(55,99) 
Power plant. Mod. NAA-75-60, 18(36) 
Production tests, 24(110,128) 
Program for vibration control, 22(21) 
Quality maintenance test, 22(30) 
Ramjet, 14(49,53); 17(174); 18(76,91); 188(14,34) 
Ramjet, beam-ride path, 14(51) 
Randomness of environment, 24(315) 
Rascal, 18(80); 24(14,54) 
Recovery systems, 19(34,43,58) 
Redstone, 24(262) 
Regulus, 24(262) 
Reliability, 17(43); 18(1,4,9,13,18,71); 20(78); 

21(180,186) 
Repetitive shock test, 24(127) 
Rocket IM-99, system analysis, 24(82) 
Rocket motor shock and vibration problems, 18(35) 
Servomechanisms, 14(79) 
Ship shock motions, 24(268) 
Shipboard launching systems, 24(260,267,269) 
Shipboard shock and vibration problems, 24(259) 
Shock and vibration design criteria, 14(49) 
Shock and vibration isolation (See Isolation of shock 

and/or vibration) 
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Missile (continued) 
Shock resistant materials, 18(106); 18S(38) 
Shock testing, 18(54) 
Shockless igniter, 18(45) 
Shrike, 18(80) 
Sidewinder, 21(42) 
Simulation of environment, 24(66,116) (See also 

Simulation) 
Snark, vibration and acoustic environment, 24(236) 
Sparrow, 14(95); 18(32,44); 21(74,142) 
Specifications (See Specifications) 
Spring mass analogy, 24(89) 
Stability diagrams, 24(87,88) 
Static firing data (See Missile vibration) 
Structural damping, 18(145) 
Structural problems due to dynamic loads and stresses, 

18(102) 
Structural vibration and system stability, 24(81) 
Tales, 18(91); 21(42,74); 24(72,76,262) 
Tartar, 24(260,287) 
Terrier, 18(59); 21(39,41,74); 23(184); 24(260,286) 
Test methods and equ^ment, 22(56) 
Thrust forces, 20(14); 24(92) (See also Jato thrust) 
Tracking, 19(40) 
Transportation data, 14(53); 18(81,131); 21(60,135) 
Triton, 24(260,262) 
V-2, 14(72); 18(25); 18S(13); 19(35,43) 
Vanguard vehicle, 24(27,133) 
Vibration frequency contour mapping, 24(92) 
Vibration measuring by trailing wire method, 24(56) 
Weapon system MX-776, 24(14) 

Missile vibration 
Aircraft torpedo, transportation, 21(140) 
Bomarc, flight, 24(46) 
Bumblebee vehicle, 5(41); 14(52-57); 18(75); 18S(13) 
Hermes A3A, transportation, 21(60) 
Hermes A3B, static firing and flight, 22(26) 
Lockheed X-17, ground firing and flight, 24(40) 
Nike I, transportation, 21(135) 
Oriole, restrained firing, 21(144) 
Rascal (GAli-63) ground firing and flight, 24(14) 
Regulus booster, static firing, 18(47) 
Rocket and ramjet, 14(49): 17(174); 18(35,75,91); 

188(14,34) 
Rocket (5-in) static firing and flight, 14(65); 18S(15) 
Shrike, ground firing, transportation and flight, 

18(80) 
Snark (XSM-62), launch and ground acoustic firing, 

24(236) 
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Missile vibration (continued) 
Sparrow, restrained firing, 18(32,47); 21(142) 
Tales, analog response to flight vibrations, 24(72) 
Tales, flight, 18(76,91) 
Terrier, flight and captive flight, 23(184) 
Terrier, launcher, 18(59-65) 
Vanguard vehicle, restrained firing, 24(27) 
Viking-9, flight, 24(27,28) 
V-2, static firing and flight, 14(72); 188(13) 

Missile vibration spectra (See Spectra) 

Mitchel,  35imn camera,   12&13(133) 

Model testing of aircraft, 7(39); 22(62) 

Models, ll(lr9t45); 22(62) 

Motion pictures, 8(15); 128il3(132); 17(189) 

Motion sickness, 22S(1) 

Mount response to biharrnonic vibration, 24(156) 

Munro after-body pack, 19(88) 

Muroc decelerator, 19(124,181); 20(121) 

N 

Navy, high-impact shock machines (See Shock-testing 
equipment) 

Newmann bands, 5(50) 

Nike 
Container development, 21(47) 
Container temperature test, 21(137) 
Transportation test, 21(135) 

Noise generators, 23(80,113,253,257); 24(102,225) 

Noise in airplanes 
Aerodynamic, 12«il3(13,17) 
Engine, 128(13(13,18) 
Exhaust, 12&13(13,16,22,27) 
Jet, 22(34,35,39); 24(219,255) 
Propeller, 12&13(14r27); 24(252) 
Sources of, 12&13(12) 
Spectra, 128il3(13-19); 22(36,182) 
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Noise in vacuum tubes, 18(123); 22(97,183) 

Noise testing, 23(251,257); 24(205,242,252) 

0 

Ordnance (See Underwater ordnance) 

Oriole, 21(144) 

Oscillator, 18(82) 

Oscillograph 
Boston University, multichannel, 19(57) 
Brush, magnetic, 6(13); 16(7); 21(59,127); 24(102) 
Consolidated, 16(71); 18(135); 21(130); 22(135); 

23(186) 
General Electric, PM-10, 21(59) 
Hathaway, 16(71) 
Heiland, 16(6t83) 
Midwestern,Type 555, 22(175) 
Miller, Type CR-1A, 23(186,195) 
Miller, Type H, 12&13(82); 20(66); 21(156) 
Western Electric, variable area, 12&13(46) 

Oscilloscopes 22(153) 

Output impedances for shock and vibration machines, 23(59) 

P 

Package 
Accelerated testing, 15(92) 
Aircraft engine, 16(106); 21(78,97) 
Criteria, 21(13) 
Cushioning considerations, 15(56) 
Cushioning design by use of energy method, 20(171) 
Cushioning design factors, 20(82) 
Cushioning evaluation, 16(100) 
Cushioning material, selection of, 21(63) 
Cushioning performance criterion, 15(56) 
Damage during shipment (See Damage) 
Design factors for shipboard missiles, 21(44) 
Design for shipping engineers, 16(106) 
Electronics to meet missile environment, 24(174) 
Export shipping test, 15(7) 
Handling, stowing and shipping, 15(9) 
Handling test equipment, 17(98) 
Humping tests (See Railroad car humping tests) 
Incline-impact test, 15(6); 17(98); 21(17) 
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Package (continued) 
Luggage hand1 ig test5 15(95) 
Missile fuze- and components, 21(41,74) 
Missiles (See Missile) 
Overseas shipment and storage test, 15(7) 
Problems unique for missiles, 21(1,4) 
Program for military shipments, 15(6) 
Ramp test, 21(17) 
Sandia Corporation testing program, 21(17) 
Shock and vibration isolation, 18S(24); 21(14) (Also 

see Shipping container isolation systems) 
Shock damage classification, 15(56) 
Shock spectra application, 15(57) 
Subminiature vacuum tubes, 24(181) 
Tester, 23(278) 
Velocity shock, response of body within container, 

23S135; 

Pallographs, 3(30) 

Parachute 
Apparent mass, coefficient of, 19(116) 
Delayed-opening pack, 19(67) 
Dynamics of opening, 19(105) 
Experimental parameters., 19(114) 
Fist, 19^39,44,47,53) 
High performance instrumentation, 19(122) 
Line-stretch force, 19(40,156) 
Opening and ground impact, 19(156) 
Opening shock, 19(2,39,63,70,76,109,114,124,156) 
Personnel guide-surface, 19(85,119,157) 
Porosity, 19(116) 
Problems,, theoretical approach, 19(99) 
Reefed-nbbon type, 19(99) 
Roo~36-32 type, 19(61) 
Snatch force,, 19(156) 

Parachute-borne equipment, 19(13) 

Peak reading instruments, 8(45); 16(120) 

Peak sampling device, 23(193) 

Pendulum impact machine. Type 150-400 VD, 22(94) 

Petrel, 21(41) 

Phase-coherent vibration, 24(55,99) 

Phase-lock loop discriminator, 24(101) 
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Phase-lock loop tracking filter, 24(101) 

Phase plane $  method, 21(109) 

Photocon, 18(66) 

Photographic methods of measurement, 8(15); 12&13(132); 
17(189) 

Photoviscous flow channels, 7(23) 

Piezoelectric vibrator-interferometer technique, 24(305) 

Piezoelectric vibrators, 23(175); 24(305) 

Plasticity, 11(96) 

Plates; stress in, 14(17) 

Pneumatic accelerator, 10(61) 

Pneumatic-hydraulic impactors, 23(150) 

Polyethylene, 19(93); 24(181) 

Portsmouth BST shock mount, 22(85) 

Positive-drive vibration machines, 22(10,203) 

Potentiometer test, 22(100) 

Potting, 11(103,107); 24(182) 

Power spectral density (See Spectral density) 

Pratt and Whitney Aircraft, test instrumentation, 12&13(34) 

Pressme plugs 5(15) 

Pressure-transient simulator, 17(58^70); 23(135) 

Probability, 21(186): 23(140) 

Production testing, 24(110 728) 

Program to cope with shock and vibration, 22(1) 

Project Sandy. 18(25) 

Project Snort, 14(21); 17(106) 
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Projectile 
Design for high "g", 11(110) 
Impact, 9(63); 22(134) 

Propeller and jet aircraft vibration spectra 
Airframe structure (jet), 11(70); 16(54); 17(33); 

183(20), 22(182) 
Airframe structure (propeller), 11(56); 16(54); 

17(33);, 183(19); 22(182) 
Electronic equipment locations, 16(66); 183(12) 
Engine (prop, aircraft), 11(60,61,62) 
Flight and ground run-up vibration RB-66, 24(9) 
Fuselage (Navy SNB), 11(29); 14(112); 16(14) 
Radar equipment (Navy AD-3W), 14(112); 16(14) 
Response frequency (F-80), 11(21); 12&13(50) 
Structural vibration (B-52), 24(222,224,226) 
Variation of vibration with location (RB-66), 24(6,7) 
Wing tip (Navy F4U-5N), 11(30); 14(113); 16(15) 

Propeller noise, 12&13(14,27); 24(252) 

Properties of materials 
Behavior under high transient stress waves, 14(16) 
Dynamic, materials under high rates of strain, 11(91); 

17(196) 
Fatigue of metals, 233(14) 
Mechanical, materials subjected to high amplitude 

stresses, 188(38) 
Metallurgical factors involved in failure, 5(47) 
Shock resistancej 18(106) 
Yield in mild steel, delay time, 14(1) 

Putty gage, 3(36); 8(45); 9(19) 

Q 

"Q" defined, 23(6), 24(225,319) 

Qualification testing, 24(349) 

Quality maintenance test, 22(30) 

Quasi-sinusoid, 24(228,316) 

R 

Radar vibration test, 22(198) 

Railroad car 
Accelerations vs spring deflections, 15(71) 
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Railroad car (continued) 
Coupler forces during impact» 15(32); 16(76) 
Impact stressesj 15(87) 
Lading damage, 15(1,33,42,60); 16(1,19); 18(138) 
Lading damage factors, 15(75,76); 16(11) 
Lading damage index, 15(76); 16(11,20,23) 
Spring frequencies, 15(67) 
Trucks, 15(71); 16(4,20) 

Railroad car humping tests 
Aberdeen Proving Ground, 15(86) 
Pullman-Standard Car Manufacturing Company, 16(70) 
Sandia Corporation, 15(89); 21(156) 
Southern Pacific Railroad, 20(66) 

Railroad car road tests 
Association of American Railroads, 15(82,83,85); 

16(88) 
Chesapeake and Ohio Railroad, 16(85) 
Naval Research Laboratory, 16(41) 
Sandia Corporation, 21(127) 

Railroad car shock and vibration (See also Railroad car 
tests) 

Due to truck equipment, 15(71,75) 
Elimination of, 15(66) 
Measured by packaged reed gage, 15(23) 
Measured on cattle car, 15(32) 
Measured on mine cases, 15(20,21) 
Originating at rails, 15(66); 16(132) 
Spectra (See Spectra) 

Ramjet vibration (See Missile vibration) 

Random loads, 23S\23) 

Random vibration 
Application to probability theory, 23(112); 24(136,140); 

24S(9) 
Beam fatigue test 23(80) 
Isolation, 24S(1) 
Light analogy, 24(47) 
Load beam analogy, 24(47) 
Mechanical power requirements for equipment, 24S(19) 
Mechanical system response, 23S(23); 24(342); 24S(7) 
Performance limitations of equipmentf 24(353) 
Phase-coherent components, 24(99) 
Playback and random test systemsP 24(353) 
Recording techniques, 22(57); 23(223,229) 
Response of hysteresis-damped systems, 24(139) 
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Random vibration (continued) 
Response of vibration table and equipment, 24(138) 
Shaping network, 23(102); 24(66) 
Specifications, 21(92); 23(20); 24(48,344) 
Spectral density, 23(3,70,89,111); 24S(9); 24(49,66,73) 
Studiess 24(133) 
Testing, applications, 24(329,335,348) 
Testing, criteria and standards, 24(344) 
Testing, equipment performance limitations, 24(353) 
Testing, practical objectives, 24(351) 
Testing substitutes, 24(338) 
Testing vs. sinusoidal testing, 23(85); 24(333) 
White noise, 23(80,112,251,257); 24(67,315,344) 

Rascal, 18(80); 24(14) 

Rayleigh distribution, 24(227,321) 

Reaction type vibration machine, 22(10,203) 

Reciprocity calibration technique, 24(304) 

Recorders (Also see Magnetic tape vibration recorders) 
Brown, strip, 24(220) 
Brush, magnetic, 6(13); 21(127); 24(102) 
Brush, sound mirror, 14(69) 
Cook, plastic tape, 14(50) 
German, time-acceleration, 19(62) 
Miller, CR-1A, 23(186,195) 
NACA, flight velocity-acceleration, 19(62) 
NACA, time-acceleration, 19(63) 
Ride-impact, 16(36) 
Shock-spectrum, TMB, Mk-IV, 24(275) 
Western Electric, Mirragraph, 14(110); 22(175); 24(28) 
Western Electric, Type 4A, 14(110); 22(175) 

Recovery brake. 19(60) 

Recovery systems, 19(34,58,195) 

Redundancy« 18(2,6) 

Reed gage 
Dural. 21(114) 
Dynamic load factor (D.L.F.), 20(194) 
Electronic. 17(143) 
Evaluation, 16(92?1305132,135) 
Glass. 21(118) 
Mark IV: 20(178); 21(151) 
Modified type, 16(83) 
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Reed gage (continued) 
Proposed design, 16(96) 
Purpose for use of, 16(121) 
Shock spectra, 16(92,94,97); 21(114) 
Type I, 6(87); 8(32); 16(92,96) 
Type II, 4(42); 6(87); 8(32) 
Type III, 16(94) 

Reefing, 19(39) 

Relay 
Evaluation, 21(30); 22(97,98) 
Shock proof, 17(164); 18(83) 

Reliability, 18(4,9,13,19,71); 21(180,186); 22(15) 

Response surfaces, 238(12,16); 24(94) 

Restrained firing (See Missile vibration) 

Ride and impact recorders, 16(36) 

Ride simulating machine, 6(22) 

Ritz method, 14(7) 

Road vehicle vibration data (See Wheeled vehicle vibration 
data) 

Robinson shock and vibration mount, 22(54) 

Rocket and ramjet vibration (See Missile vibration) 

Rocket motor combustion vibration, 18(66) 

Rocket motor shock and vibration problems, 18(35) 

Rocket sled tests, 19(124); 20(120) 

Rocket thrust, 18(47); 20(14); 21(143); 23(2#9) 

Rocket vibration test apparatus, 23S(44) 

Rockets (Also see Missile) 
Aerojet 14KS1000, 18(26) 
British UP-3, 18(26) 
HPAG, 14(29) 
IM~99  24(82) 
V-2, 5(45); 14(72); 18(26); 19(35,43) 
Viking-9, 24(27) 
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Rockets (continued) 
XM-19, 24(33) 
XM-20, 24(33) 

Rollin vibrator, 14(94) 

Rotary accelerator, 14(43); 20(98) 

Rotochute, 19(40) 

Rubber mounts (See Isolators) 

S 

Scabbing, 14(17) 

Scatter bands for failures and stresses, 18(19) 

Scratch gage, 15(31); 16(131); 19(62) 

Servomechanisms, 14(79) 

Shaped spectra, 23(107) 

Shaping network, 23(102) 

Shear pad information, 21(14) 

Shipboard shock 
Data from British trials, 4(59); 9(35,67-69) 
Definition, 4(61); 23(25) 
Design data, 23(26) 
Design factors as related to shock spectra, 20(7) 
Design guides, 23(29) 
Due to depth charge explosion, 4(36) 
Due to main battery salvo, 4(36) 
Gas globe effect, 4(28) 
Loading for equipment, 23(27) 
Pressure-time characteristics, 17(70) 
Simulation, 3(5); 17(70); 22(12); 23(25,121,132) 
Spectra (See Spectra) 
Surveys at Admiralty agencies, 17(9) 
Testing specifications (See Specifications) 
Tests conducted by DTMB, 4(3) 
Tests on the USS BOSTON, 24(260,268) 
Tests on the USS NIAGARA, 10(13,15); 21(150) 
Tests on the USS ULUA, 20(177) 
Tests on wooden-hull vessels, 22(167) 
Velocity-time characteristics, 9(13,40) 
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Shipboard vibration 
Carrier, 14(114); 16(16); 21(147) 
Destroyers 21(148) 
Mode shapesp 21(146) 
Nature of» 23(31) 
Summary,, 15(20) 
Transportation environment, 18(135); 21(14,140) 

Shipping container isolation systems 
Aircraft engine, 17(190); 21(78,97) 
Hermes A3A, 21(57s60) 
Nike, 21(50,51) 
Petrel, 21(41) 
Terrier, 20(35); 21(39) 
Missile, Type I-A, 20(93) 
Missile9 Type I-B, 20(94) 
Missile, Type II, 20(95) 

Shipping test 
Data. 15(20,36); 16(47,85); 20(67); 21(14,140) 
Military truck, 21(130) 
Nike transports 21(135) 
Proposed instrumentation, 20(79,160) 
Railroad car, 18(138); 21(127) 

Ships 
AMBUSCADE, HMS(DD), 9(7,35) 
BALTIMORE, USS(CA), 4(4) 
BELL, USS(DD), 4(5,28) 
BORDE, HMS, 9(1) 
BOSTON, USS(CA), 4(5,6); 21(150); 24(260,268) 
CALIFORNIA, USS, 4(3) 
CAMBERRA, USS(CA), 4(6,36,37); 21(150) 
CAMERON, HMS(DD), 4(46,59); 9(2,7,9,35,60) 
CORAL SEA, USS(CVB), 14(114) 
DRAGNET, USS(SS), 4(7,28); 20(177) 
EMERALD, HMS, 9(7,35,53,61) 
ENDSLEIGH, HMS, 9(2,7): 17(10); 20(10) 
EPCS-1413, 9(17) 
HARKNESS, USS(AMCU-i2), 22(167) 
HOPPING, USS(DE), 4(5,28) 
LEARY, USS(DD), 4(7) 
MIAMI, USS(CL), 4(6) 
MIDWAY, USS(CVB), 18(135); 21(147) 
MISSOURI, USS(BB)S 4(7,17) 
NASHVILLE, USS(CL), 4(3,4) 
NIAGARA, USSUPA), 10(13,15); 21(150) 
NORTH CAROLINA, USS(BB), 4(4,50) 
OUDENARDE, HMS. 17(9); 20(10) 
PROTEUS, HMS(SS), 9(7,35) 
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Ships (continued) 
REPEAT JOB 9, HMS(SS), 9(7,35,48,61) 
SARATOGA, USS(CV)s 4(4,11,12) 
SUMNER, USS(DD)P 4(6,7,36,38) 
TRV-6, 20(10) 
UEB-1, 20(178) 
ULUA, USS(SS)t 20(177) 
WASHINGTON, USS(BB), 4(4,50) 
WICHITA, USS(CA), 4(3,4) 
WYOMING, USS(AG), 4(4) 
YC-1060, 20(178) 
YMS-319, 22(167) 

Shock 
Carnage  (See Damage) 
Defined, 1(18), 4(61); 22(12); 23(25) 
Design for, 20(1) 
Effects of projectile impact, 22(134) 
Facilities (See Shock-testing equipment) 
Factor, 9(41); 22(168) 
In aircraft, 12&13(144); 15(36) 
In beams, 6(97); 11(83); 17(1,4) 
In railroad cars (See Railroad car shock and vibration) 
In ships (See Shipboard shock) 
Isolation (See Isolation of shock and/or vibration in 
equipment, and see also Isolation applications) 

Isolator characteristics, 20(38) 
Isolators (See Isolators) 
Limiters for missile systems, 24(287) 
Machines (See Shock-testing equipment) 
Measurements with high speed motion pictures, 8(15); 

17(189) 
Memorandum, 17(9) 
Motions in missile ships, 24(268) 
Mounts (See Isolators) 
Response of crystal accelerometer, 24(298) 
Retarder, S-28, 17(170) 
Simulation (See Simulation) 
Spectra (See Spectra) 
Spectra and shock design factors, 20(7) 
Structural design problems, 17(1); 20(1) 
Water entry, 14(29); 17(74); 19(70,77,80) 

Shock and vibration data 
Analyses (See Methods of data analyses) 
Catapult (emergency escape svstems), 12&13(171); 

22(147) 
Conventional aircraft (See Conventional aircraft 

vibration) 
Gun blast, 4(14) 
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Shock and vibration data (continued) 
Gun projectile, 5(3); 9(64) 
Handling, 15(36); 18(135); 20(69) 
Helicopter (See Helicopter) 
Jet aircraft (See Jet aircraft vibration) 
Missile (See Missile vibration) 
Pilot escape from aircraft (See Bailout acceleration) 
Railroad (See Railroad car shock and vibration) 
Ship (See Shipboard shock, or Shipboard vibration) 
Torpedo (See Water entry shock) 
Truck (See Wheeled vehicle vibration data) 

Shock-proof equipment, 23(26,28) 

Shock-testing equipment 
Air gun, Type 1-B, 3(10,18) 
Air gun. Type 2A, 3(10,18) 
Air gun. Type XS-1A, 3(18); 15(104); 17(76) 
Air gun, Type XS-2A, 3(18) 
Boston University drop table, 17(58,61); 18(84) 
Bump test machine, SCEL, 6(23) 
Charpy, izod tention-impact machine, 11(93) 
Conbur ramp, 21(17) 
Drop tester, NOL, square wave type, 3(15,18) 
Drop tester, NOL, Type 1A, 3(19) 
Drop tester, NOL9 Type 2A, 3(14,19) 
Drop tester, NOL, Type 3A, 3(19); 17(75) 
Drop tester, NOL, Type XD-1A, 3(19) 
Drop tester, NOL, Type Mk 7, Mod. 0, 20(112,193) 
Drop tester, NRL, gravity type, 2(15) 
Dry-run machines, Tucson and Culver City, 24(116) 
Foundry shaker, 24(131) 
Guillotine impact machine, 6(98); 11(92) 
High acceleration gas gun, 17(78) 
High impact shock machine, NRL, 24(190) 
Hydraulic shock machine, 17(70); 23(135) 
HYGE actuator, Convair, 23(143) 
Impact decelerator, 10(57) 
JAN-S-44 shock machine, 12&13(203); 22(151,205) 
Launching simulator, XM-1, 14(95) 
Medium impact, 150-400 VD shock machine, 22(94) 
Navy heavy-weight shock machine, 23(27,121) 
Navy light-weight shock machine, 3(3,8); 17(201); 

20(200); 22(13,205); 23(26,122) 
Navy medium-weight shock machine, 17(201); 22(13); 

23(26,122) 
Package tester, 23(279) 
Pendulum impact, ARF, shock machine, 22(95) 
Pneumatic accelerator, 10(61) 
Pneumatic-hydraulic impactor, 23(150) 
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Shock-testing equipment (continued) 
Rocket propelled test car, 14(21); 17(102,106) 
Rotating flywheel, impact-testing machine, 11(94) 
Sand-pit type shock machine, 22(205) 
Shock towers (Convair types), 22(113) 
Simplified shock-testing machine, 10(41) 
Standard pendulum tapper, NHL, 23(263) 
Step function shock-testing machine, 23(179) 
Swinging hammer and falling weight, NRL machine, 2(15) 
Swinging hammer, NRL type shock machine, 2(15) 
Telefunken's tester, 17(78) 
Tumbling machine, SCEL, 6(23) 
Two-phase impact simulator, 17(75); 20(136) 
Underwater explosion simulator (UWX Machine), 23(132) 
Universal drop tower (300-ft), 23(136) 
University of Illinois, high-speed impact machine, 

6(98) 
Vib-roll shaker, 2(18); 3(43) 
Vultee drop tower, 18(54) 

Shrike, 18(80) 

Sidewinder, 21(42) 

Signal penerators J.n 202A8 24(102) 

Simulation (See nlso Laboratory testinj.:) 
Accelerations applied over lonjr distances, 14(21,43); 

17(102,106); 19(124); 20(98) 
Aircraft vibration, 17(30) 
Altitude facility, 24(154) 
Analog machines as aids, 10(21) 
Basic concepts and trends, 10(ly7); 14(119); 17(58); 

23(1) 
Definitions and standards; 10(37) 
Evaluating the validity of shock, 23(9) 
Facilities (See Shock testing equipment, Vibration 

testing equipment, Centrifuges^ or Linear-acceler- 
ation simulators) 

Fuze packape response, 23(36) 
Jato-thrust transients, 18(51) 
Methods for shock to magnetic gradiometer, 23(217) 
Methods for vibration environments, 21(89) 
Missile shock and vibration, 18S(33); 24(63) 
Package handling, 17(98) 
Real vibration environments, 23(161) 
Rocket motor vibration, 23(202) 
Shipboard shock, 3(5), 17(70); 22(12); 23(25,121,132) 
Shock and vibration for specification compliance, 22(9) 
Transport conditions on cryogenic equipment and 

missiles, 23(128) 
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Simulation (continued) 
Underwater explosion, 17(70); 23(132) 
Water entry shock, 17(74); 19(82) 

Slip rings, 6(67) 

Snark, XMS-62, 24(236) 

Snatch force, 19(40,156) 

Sonic analyzer, 23(106) 

Sonic generator, 22(58) 

Sonigage, 2(13) 

Sound proofing, 12&13(11) 

Sparrow, 18(32); 21(143) 

Specific types of aircraft 
AD-2D, 22(173) 
AD-3W, 14(111) 
AT-11, 12&13(150) 
B17-G, 12&13(142,148,150) 
B-24, 12&13(131,150) 
B-26, 12&13(131) 
B-29, 128.13(150) 
B-36, 24(14) 
B-47, 22(34); 24(14) 
B-50, 24(14) 
B-52, 22(34); 24(219) 
BF-2C-1, 7(24) 
C-47, 15(35) 
DC-3, 15(35) 
DC-4, 15(35,40) 
DC-6, 12&13(48); 15(40) 
F4U-1, 8(10) 
F4U-5N, 11(30); 14(113) 
F80-A, 11(19); 12&13(50) 
F86-A5, 20(125) 
HTL-2, 12&13(80) 
P-61, 12&13(131,146,150) 
P-80, 12&13(150) 
PB4-1, 15(27) 
PB4Y-1, 15(27) 
PBM-3D, 15(24,26) 
PBY-5A, 15(25,27) 
RB-52, 24(6) 
RB-66, 24(5,6,7,9) 
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Specific types of aircraft (continued) 
SNB, 11(27); 14(112) 
TBM-1, 15(27) 
Types tested for NAA data, 11(57,63,67,71) 
XB-52, 22(35) 
XHJP-1, 12&13(80) 
XHJS-1, 12&13(80) 
XOSE-1, 8(8) 
XP4M-1, 7(25) 

Specifications 
Aircraft, 11(53,68); 17(24,30); 188(51,55); 22(11,180); 

24(145) 
Concepts, 20(148) 
Criteria for, 17(23) 
Definitions, 17(21) 
Electronic equipment, 6(69); 188(51,55); 22(72,180); 

23(270); 24(145) 
Fuze, 21(74) 
Helicopter electronic equipment, 22(72) 
Land vehicle, 17(51) 
Missile, 17(27,38,48); 188(29,32); 21(21); 22(26); 

24(48,344) 
Random vibration, 21(92); 23(20); 24(48,344) 
Rational approach to, 17(26) 
Shipboard equipment, 188(47); 22(11,12); 23(26,31,122) 
Shipping container, 188(54); 20(96); 21(18,23,26,47,98) 
Summary of, 20(53) 
Writing and interpretation of, 17(20) 

Spectra 
Aircraft electronic equipment, 22(185) 
Aircraft engine, sound, 12&13(13); 22(36,182) 
Aircraft vibration (See Propeller and Jet aircraft 

vibration spectra) 
Bomarc, flight, 24(50-52) 
Dry-run machine, 24(121) 
Electron tube, roicrophonic, 22(97) 
Electron tube, vibration, 24(204-209) 
Freight car, switching shock, 21(140,158) 
Freight car, vibration, 16(41,42); 21(14,140) 
Generalized shock, 238(12,15) 
Helicopter, flight vibration, 16(66); 18S(12); 22(73) 
Hermes A3B, environmental, 22(26) 
Lockheed X-17, ground firing and flight, 24(40-45) 
Navy light-weight shock machine, 20(64) 
Navy medium-weight shock machine, 16(97); 23(64,66) 
Rascal (GAM-63), 24(17-23) 
Rocket and ramjet, vibration, 14(53); 17(174); 18(77); 

188(14,34) 
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Spectra (continued) 
Shipboard, shock, 4(37); 20(9); 21(140,152); 23(61); 

24(279) 
Shipboard, vibration, 14(114); 16(16); 21(14,147,148) 
Snark, sound, 24(248) 
Spectral density, 23(4,72,108,169); 24(28,50,66,76,345) 
Terrier booster, X-5 launcher, 18(62) 
Terrier, flight and captive flight, 23(192) 
Torpedo carrier, vibration, 21(140) 
Transportation, vibration, 21(14,140) 
Truck, shock, 21(131,132,140) 
Truck, vibration, 16(66); 17(52); 188(13,18); 21(14, 

140) 
Vanguard vehicle, restrained firing, 24(29) 
Viking-9, 24(28) 

Spectral density, 23(3,70,89,111); 24(49,66,73); 24S(9) 

Spectrometer, 24(243) 

Spectrum analyzer (See Analyzers) 

Stable platform shock mount, 24S(25) 

Statham accelerometers 
Model A5A, 18(47,49,56); 21(127,131) 
Model AP, 8(62); 18S(4) 
Model AR, 3(26,40) 
Model D, 16(82) 
Model R, 3(26,40); 16(76) 
Model S, 3(26,40) 

Statistical analysis of failure data, 24(110) 

Stoss factor, 12&13(188) 

Strain cycle gage, 16(16) 

Strain gage and carrier-type accelerometers, 8(61) 

Strain gages, 6(59); 8(1); 9(33); 15(31); 16(7,71); 
19(44,73,83) 

Strength of materials, 18(108) 

Stresses 
Idealized S~N curve, 23S(14) 
In aircraft structures, 7(29) 
In mild steel, 14(1,16) 
In missile structures, 18(18,102) 
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Stresses (continued) 
In rotor blades, 12&13(74) 
In steel plates, due to explosive charges, 14(17) 

Stroboscope, 3(28) 

Structural materials, characteristic velocities, 23(16) 

Structures, shock and vibration effects, 7(1) 

Subminiature electron tubes, 24(181,192) 

Suspension problems of road vehicles, 15(12) 

Sweep tests, 23(93); 24(342) 

T 

Talos, 18(91); 21(42); 23(150); 24(230) 

Tanks, 6(6,30); 9(63) 

Tape recorders (See Recorders) 

Tebes (See Electron tubes) 

Techniques for high shock resistance, 11(103,107,110) 

Telefunkens tester, 17(78) 

Telemetering 
Application for ordnance field test, 5(17): 9(22); 

22(173); 23(36) 
Methods, 18S(7); 24(7) 
System used by JHU/APL for flight test, 17(145) 
System used by NOL in AD-2D aircraftj 22(175) 
System used by NRL, 11(27); 14(110)- 16(11); 20(196) 
System used in Aerobee, 19(44) 

Telescope, 23(237,245) 

Tensile impact machine, 5(35); 11(93) 

Terrier, 18(59); 21(39); 23(184); 24(260,282,286) 

Test instrumentation of aircraft 
AD-2D, 22(173) 
AD-3W, 14(110); 16(11) 
B-52, 24(220) 
P4U-1, 8(10) 
F4U-5N, 14(110); 16(11) 
F80-A, 11(19) 
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Test instrumentation of aircraft (continued) 
F86-A5, 20(125) 
HTL-2, 12&13(82) 
SNB, 11(27,28); 14(110); 16(11) 
XB-52, 22(35) 
XHJP-1, 12&13(82) 
XHJS-1, 12&13(82) 
XOSE-1, 8(8) 

Test instrumentation of railroad cars 
American Steel Foundaries service laboratory car, 16(8) 
Description of instruments used, 15(29,51,70,87,89); 

16(5,8,70,82,88) 
Symington-Gould Corporation research car, 16(5) 
(Also see Railroad car humping test or Railroad car 
road tests) 

Test track (See Linear-acceleration simulators) 

Testing specifications (See Specifications) 

Textile materials, 22(159) 

Thrust stand, 20(14); 23(184,209) 

Torpedoes, 5(9); 19(85); 21(139) 

Torquer mount, 20(105) 

Torsiograph, 3(32) 

Torsional vibration in aircraft, 12&13(120) 

Trailing wire methods of vibration measurements, 24(7) 

Transformers, 20(55); 22(98) 

Transportation shock and vibration spectra (See Spectra) 

Truck and tractor trailer suspension problems, 15(12) 

Truck tires, sizes and loads, 15(13) 

Truck vibration (See Wheeled vehicle vibration data) 

Trucks and tractor trailers, 6(1); 15(12,23); 17(52); 
21(14,130,140) 

Tumbling and deceleration, 22S(20) 
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Tunnels, 7(7) 

Two-phase impact simulator, 17(75); 20(136) 

Type approval of isolators, 20(35) 

U 

Unarrested-aircraft-landing data 
Center of gravity incremental accelerations, 12&13(150) 
Landing test record, B17-G, 12&13(142,148) 
North American Aviation data, 16(55); 17(33) 
Tail boom accelerations, ?61, 12&13(131,146) 
Wing-tip accelerations, F-80, 12&13(147,157) 

Underwater explosion damage, 4(3,21,31); 20(179); 22(171) 

Underwater explosion research, 4(3,21,49,59); 9(1,35); 
17(70); 20(177); 21(150); 22a67); 23(132) 

Underwater explosion simulator (UWX machine), 23(132) 

Underwater ordnance 
Aircraft torpedoes, 5(9); 19(85); 21(139) 
Depth charges, 4(22,60); 9(36-56) 
Mines (See Mine) 
Rockets, 14(29) 

V 

Vacuum tubes (See Electron tubes) 

Vanguard vehicle, 24(27,133) 

Variable angle launcher (VAL), 19(82) 

Variable area oscillograph, 12&13(46) 

VD medium-impact shock tester, 22(94) 

Vehicles, 6(1); 9(63); 15(12,23,28); 17(51); 21(130) 

Velocity meter (pickup) 
Characteristics, 4(61); 6(92); 18S(5) 
Compared to acceleroroeter, 24(4) 
Bar magnet, 17(110); 24(275) 
Boeing, hand-held type, 22(60) 
British, 3(34); 8(23); 17(10) 
British, modified, 3(34) 
Consolidated, 3(34); 24(5,312) 
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Velocity meter (pickup) (continued) 
David Taylor Model Basin, Mk. II, 17(114); 24(275) 
Description of, 4(62); 9(1) 
Evaluation of, 17(120) 
MB Manufacturing Company, 8(28); 17(87); 20(125,131); 

24(5,6,107,220,312) 
Naval Research Laboratory (Hartz meter), 17(116) 
Sperry, MIT, 23(267) 

Velocity shock, 23S(1,35) 

Vibration (See also Laboratory testing) 
Aging, 23(283) 
Analysis (See Methods of data analysis) 
Bandwidth effects on analysis, 24(10) 
Biharmonic, 24(156) 
Calibration techniques, 23(236) 
Compressor blade, 12&13(53) 
Control (See Isolation of shock and/or vibration in 

equipment) 
Damage to animals, 22S(16) 
Damage to cargo (See Damage) 
Definition of, 1(18) 
Environment defined by damage criteria, 24(318) 
Freight car (See Railroad car shock and vibration) 
Human body, 22S(7) 
Human tolerance (See Human-body tolerance to acceler- 

ation) 
Human tolerance levels in aircraft, 22S(24) 
In beams, 17(1) 
In liquids, 22(123) 
Isolation (See Isolation of shock and/or vibration in 
equipment) 

Jet aircraft (See Jet aircraft vibration) 
Land vehicle (See Land vehicle vibration) 
Measuring instruments (See Instruments) 
Missile (See Missile vibration) 
Mount response to biharmonic vibration, 24(156) 
Mounts (See Isolators) 
Phase-coherent, 24(55,99) 
Pickup classification, 17(126); 24(1) 
Propeller aircraft (See Conventional aircraft 

vibration) 
Random (See Random vibration) 
Rocket motor, 18(66) (See also Missile vibration) 
Ship (See Shipboard vibration) 
Simulation (See Simulation) 
Spectra (See Spectra) 
System "a" defined, 23(6); 24(225,319) 
Table calibration^ 23(236) 
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Vibration (continued) 
Table waveforms, 23(45) 
Test specifications (See Specifications) 
Testing (See Laboratory testing) 
Truck (See Wheeled vehicle vibration data) 

Vibration-testing equipment 
All American, 17(201) 
Amonium dihydrophosphate (ADP) crystal, 23(177) 
Barium titanate, 23(175); 24(305) 
Calidyne, 18(125) 
Cantilever beam, 17(85) 
Captive test stand, 20(14); 23(184,209) 
Complex-wave, 23(74,80,102,112,161,263,257); 24(66, 

205,208) 
Electrodynamic or electromagnetic, 17(95,128); 22(61, 

65,107,204); 23(1) (See also MB vibrators) 
Electrohydraulic, 24(143,147) 
Fairchild, 5000 lb, 18(72) 
Gulton, piezoelectric, 24(305.309) 
Liquid jet, 23(166) 
Magnetostrictive, 23(163) 
HE, 12&13(86); 21(178); 23(128) (See also MB vibrators) 
Mount life-cycling, 22(76) 
National Bureau Standards, 60,000 lb, 23(128) 
National Bureau Standards, flat vibrator, 23(259) 
Package (SCEL), 23(278) 
Positive drive type, 22(10) 
Rocket, 23S(44) 
Roller-bearing-actuated, 17(91) 
Rough ride, 6(22) 
Types used by NAMTC, 14(93) 
Types used by NOL, 3(9,17); 20(137,193) 
Vibrating bar, 17(84,201); 18(124); 20(194) 
Waugh-Johnson, 17(201) 
Western Elertric, 17(201); 23(33) 

Vibrometers, 3(28); 6(20); 18(135) 

Vultee drop tower, 18(56) 

Water entry shock, 14(29); 17(74); 19(70,77,80) 

Waugh-Johnson vibrator, 17(201) 

Wave analyzer (See Analyzers) 

Wave forms of vibration tables, 23(45) 
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Western Electric 500-lb vibrator, 17(201); 23(33) 

Westinghouse crystal accelerometer, 3(40) 

Westinghouse, JC-1, vibrometer, 18(135) 

Wheel hop, 6(4) 

Wheeled-vehicle vibration data 
Frankford Arsenal, 6(37,42) 
Hermes A3A shipping test, 21(60) 
Nike transporter ride test, 21(136) 
Polytechnic Institute of Brooklyn, 15(23,28) 
Sandia Corporation, 21(131,132) 
Squire Signal Laboratory, 6(1,6) 
Transportation spectra, 16(66); 17(52); 183(13,18); 

21(14,131,140) 

Whipping, 9(7) 

White noise, 23(80,112,251,257); 24(67,315,344) 

Williams gage, 4(11,19) 

Wind blast test, 20(121) 

Wind drift, 19(2) 

Wooden hull naval vessels, 22(167) 
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Subject Listing 

Shock and Vibration Bulletins 
1 Through 35 

These are available from Defense Documentation Center, Cameron 
Station, Alexandria, Virginia 22314. Parts 2 through 7 of Bulletin No. 35 
are also available from the Clearinghouse for Federal Scientific and 
Technical Information, U.S. Department of Commerce, Springfield, 
Virginia 22151. 
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No. 

Subject Part 
No. Date DDC 

No. 

1 Preliminary planning and discussions I^ 1-47 ATI 135903 
2 Definitions; NRL facilities — 3-47 ATI 75123 
3 NOL and DTMB facilities _ 5-47 ATI 75119 
4 Shock in ships — 7-47 ATI 110642 
5 Ordnance shock and vibration _ 9-47 ATI 28813 
6 Transportation shock and vibration — 11-47 ATI 135902 
7 Shock and vibrations pertaining to 

structures and their effects on 
personnel — 1-48 ATI 75153 

8 Instrumentation and criteria _ 3-48 ATI 72600 
9 Shock and vibration pertaining to 

ships and land vehicles — 4-48 ATI 54047 
10 Laboratory simulation of shock 

and vibration — 10-48 ATI 73256 
11 Possibilities and limitations of model 

techniques for design purposes - 2-49 ATI 73257 
12,13 Shock and vibration pertaining to 

aircraft m. 9-49 ATI 82669 
14 Shock and vibration problems in 

missiles and rockets — 12-49 ATI 95229 
15 Effects of mechanical shock and 

vibration upon military shipments 
conveyed by common carrier — 3-50 ATI 93010 

16 What can we do now to protect 
military shipments from shock 
and vibration damage — 10-50 ATI 111265 

17 Present-day concepts for preventing 
shock and vibration damage to 
military shipments — 3-51 ATI 135891 

18 Shock and vibration problems con- 
fronting the missile industry - 8-51 ATI 136855 

Suppl. 5-52 
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19 Air drop in flight and impact upon 
landing - 2-53 AD 9513 

20 Evaluation of factors pertaining to 
shock and vibration resistance — 5-53 AD 20061 

21 Packaging guided missiles to with- 
stand shock and vibration during 
shipment and storage - 11-53 AD 55364 

22 Shock and vibration environment and 
its effects on military equipment 
and personnel — 7-55 AD 7960^ 

Suppl. 7-55 AD 946V 7 
23 Laboratory simulation — 6-56 AD 104337 

Suppl. 6-56 AD 104338 
24 Missile structure and its 

electronics 
Suppl. 

2-57 
2-57 

AD 320434 

25 Damage criteria for shock and 
vibration 1 12-57 AD 320435 

2 12-57 AD 247148 
26 Nature, measurement and estima- 

tion of missile environment 1 9-58 AD 300700 
2 12-58 AD 200700 

27 Simulation of missile environments 1 6-59 AD 306004 
2 6-59 AD 212975 
3 6-59 AD 212976 
4 6-59 AD 212977 

28 Survival of military equipment in 
a hot war environment 1 7-60 AD 318006 

2 7-60 AD 318005 
3 9-60 AD 244784 
4 8-60 AD 244857 

29 Environments and environmental 
testing; environmental problems 
in protective construction 1 3-61 AD 322688 

2 3-61 AD 322687 
3 7-61 AD 260564 
4 6-61 AD 259522 

30 Extreme operational environments; 
transportation and packaging 
environments 1 3-62 AD 328848 

2 1-62 AD 273514 
3 2-62 AD 273515 
4 4-62 AD 276198 
5 5-62 AD 276199 
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31 Application of environmental data 
to specifications and design 
criteria 1 1-63 AD 336211 

I 3-63 AD 403814 
3 4-63 AD 404190 

32 Protective construction 1 11-63 AD 425824 
2 8-63 AD 422046 
3 12-63 AD 428560 

33 Application of environmental data 1 2-64 AD 348503 
2 2-64 AD 432931 
3 3-64 AD 435514 
4 3-64 AD 433726 

34 Designing for the dynamic 
environment 1 2-65 AD 360000 

2 12-64 AD 460000 
3 12-64 AD 460001 
4 2-65 AD 460002 
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35 Various topics 1 3-66 AD 371853 
Vibration-testing 2 1-66 AD 628599 
Structural analysis 3 1-66 AD 628600 
Instrumentation 4 2-66 AD 631233 
Transportation; shock and vibration 

isolation 5 2-66 AD 631234 
Shock testing; specification of shock 6 4-66 AD 633076 
Prediction of vibration environment; 

damping and nonlinear analysis 7 4-66 AD 633096 
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